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ABSTRACT 


An  Im/ctscKpciclon  into  Che  Crnvrlcij  Currenc  Aspects 
of  a  CoM  Air  OuCbrealc  Usin^  Unriational  Ancili|sis 
T  echnic|«jes. 

> . 

During  the  time  pertexi  of  Jnnucirt|  2Tth  through 
Janucvrtj  28th,  1986,  the  CentrnI  and  Southeastern  U-S. 
experienced  a  cold  air  outbreak.  Surface  temperatures 

S 

dropped  38  decrees  Fehrenheit  in  a  matter  of  hours  in 
Central  Florida  urlth  dramatic  dr€>ps  in  deuupoint  as  urell. 

A  method  is  developed  usinQ  variational  calculus  to 
decompose  observed  ^ridded  radiosonde  data  from  this 
period  into  component  fields.  Three  variational  filters  are 
used  iterotiveki  to  extract  the  desired  components  of 
the  observed  data.  These  components  ore  then  used  in 
concert  ufith  ciuasl-Reostrophlc  theortj  to  examine  the 
similarities  between  this  cold  air  outbreak,  the  ^ust 
front  asscx=iaced  with  an  active  thurxferstorm,  and  a 
9ravit«|  current.  Sensitiviti|  studies  of  this  nnethod  uuith 
respect  to  ufei^ht  factors  ore  shouun.  Results  indicate 
some  of  the  interctctions  betuMen  svpioptic  and 
sub-s«fnoptic  forcing  in  the  development  and 
maintenance  of  such  a  svjstem.  ^ 


AN  mUESTIGATION  INTO  THE  GRAUITV  CURRENT 


ASPECTS  OF  A  COLD  AIR  OUTBREAK 
USING  UARIATIONAL  ANALYSIS  TECHNIQUES 

CHfWTER  I 

WiTRODUCTION 

Tit*  formctLiort  of  ctcmosplt*ric  froites  Itas  l>**n 
scu<fi*€f  *>cL*nsK/*l«j  over  Kite  lost  tUMsnKtj  tjeors  emef 
Ntose  associetCeU  uuiclt  cite  cold  air  ouCbreolc,  ItereofCer 
caned  CAO.  Itove  Iteen  of  special  hrtceresc.  Tlte  CAO  Is 
common  In  Cite  Central  and  Eastern  US  In  winter  and  is 
ttipified  Im|  a  lorQe  occtimuiation  of  cold  air  in  Southern 
Canada  that  sweeps  southeastward.  Montj  times  this 
movement  comes  in  waves  os  one  front  forms  and 
nrtoves  out  to  he  followed  b«j  others  in  succession. 

In  order  to  understand  these  fronts  better  one 
must  not  fsnitj  unrferstond  the  forces  responsible  for  the 
developnrtent  c»f  the  fronts  but  also  the  balance  which 
develops  between  the  frontopenetic  and  the  frontohftic 
forces.  This  balance  allows  the  front  to  be  sustained  at 
some  cfuasi— steodhf  intensitt#  over  extended  periods  of 
time.  hNIHcwns  and  Ploticin  <19G8>  showed  that  much  con 
be  learned  from  the  quasi— peostrophic  equations  of 
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moClon.  Tli«s«  cipproKimaClons  ore  not  ocMid  for  fronts 
tiMit  olrncKltj  nxist.  ftouinonr.  tulinm  tli«  prcMlinnts  ore 
strcm^  and  tha  RossIm#  numbor  is  closa  to  unitij  ns  in 
tha  casa  of  tHa  CAO  sttitlted  hare.  Hoskins  and 
Brathcrton  (1972>  used  tba  asstjmption  of  Qsostrophic 
balance  onl«|  in  tbe  cross— front  direction, 
the  semi— Qeostrophic  assumption,  to  shout  that  a 
bokince  could  be  maintained  between  the  fronto^enetic 
process  and  fricticMiol  dissipation.  This  results  in  a  more 
realistic  fronts  houteoer,  the  kick  of  some  method  of 
■mitin9  the  procKiction  of  oorticitt#  due  the  stretching  of 
the  oortex  tubes  bc|  the  dKterpence  field  con  ollout  the 
uorticitti  to  90  to  infinit*#.  Ckicmski  and  Ross  (i984>, 
hereafter  called  OR,  shouted  that  the  primitive  equations 
of  motion  4lo  allout  a  feedback  mechanism  betuteen  the 
divterqence  field  and  the  oqeostrophic  uorticitq  field.  The 
equations  listed  belout  ore  the  dhterqence  and  oorticitq 
equations  derKted  from  primitive  ecptotions  as  used  bq 
OR. 

jfli-  -D^  -f-aKD  -f-Fd 

dt 

iC-  -0<f^>  -Mu 
dt 

In  this  form  (|^  is  the  rekitiue  uorticitq,  is  the 
oqeostrophic  relative  uorticitq,  O  is  the  diuerqence,  <s  is 
the  qeostrophic  background  deformation,  Fd  Is  the 


frictional  term,  f  Is  the  Coriolis  parameter  and  M  *  df/dq. 
OR  hqpothesized  that  os  the  front  becc^mes  stronqer  the 
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Cttrm  starts  to  cfcMninata  th«  ri^ttt  hand  side  of  the 

cHoer^ence  e^iuation^  thus  effectioelv  controlling^  the  rote 
of  change  of  the  diuer^ence,  and  subsec|uenth|,  the 
frontOQenetic  process  itself.  An  inspection  €3f  this 

relationship  reueols  that  uihen  the  Ca  ^  phase  uvith 
the  dKferpence  field  at  the  fronts  as  in  Fi^  la^  the 
conuer^ence  at  the  front  luill  proau.  This  is  a 
frontopenetic  process. 

FRONTOGENETIC  STEADY  STATE 

Div 

Fi9  la  Fi9  lb 

If  the  diuer^ence  leads  the  field  bt|  some  phase  shift 
uolue^  houLjeoer^  this  fronto^entic  effect  ufill  tWminish 
until  the  efrect  is  reversed  and  the  ujHI  become  a 

negative  feedboclc  on  the  divergence  field.  Thus  UMt  see 
that  foctcM’s  that  ccm  influence  the  strength  or  location 

of  the  divergence  and  the  ufith  respect  to  the  front 

uuM  be  important  in  controlling  the  fronto^entic  process 
and  therefore  be  important  In  forming  the  balance 
betuifeen  the  fronto^enetic  and  frontohftic  forces 
rec|uired  for  the  frcmt  to  persist. 

The  importance  of  the  a^eostrophic  components  in 


this  process  rec|uired  the  use  of  a  method  for  obtaining 


Kite  most  accurctt:i 


isdmcMe  of  Che  ci^eoscrophic 


cofnpoffMtnCs  possMe.  This  reciuiremenC  led  to  Che  use  of 
a  ociricicioncfl  mech€>d  developed  Imj  Sciscdci  C19S0)  ujhich 
ccilculciCes  Cl  reciKsCic  ^eosCrophic  sCciCe  Imj  ciMouiin^  boch 
Che  hei^hc  field  cind  Che  utind  field  Co  ndQusC  buc 
conscroins  choc  sCoCe  Co  be  os  close  Co  Che  observed 
scoce  os  possible  in  o  lease  squore  sense.  The  resulconc 
oqeosCrophic  fields  con  Chen  be  examined  in  Che  liqhc  of 
Che  relocionships  scoced  obove.  In  Che  process  of 
examining  chese  fields  ic  coos  fourxl  choc  chore  ujere 
numercMis  similaricies  becujeen  Che  CAO  and  o  smaller 
scale  feaCure^  Che  qraviCq  or  densiCij  currenC  as  exhibiced 
bq  Che  qusc  fronc  from  an  occive  chundersCorm.  These 
qrovicq  currencs  ore  associoCed  uiich  scremq  areas  of 
ccMiverqence  oc  Che  leodinq  edqe«  buc  ore  basicaNq 
irrc»CaCioncil  in  Che  horizonCcil  plane.  Therefore  ic  is 
speculciCed  choc  Che  inCerocCion  of  Che  qrciviCq  currenC 
effeecs^  such  as  local  convergence  ciC  Che  lecidinq  edqe, 
udeh  Che  sqnopcic  effeccs«  such  os  Che  boclcqround 
deformoCion  and  vorcicicq,  mciq  Co  some  exCenC  conCrol 
Che  lonqevicq  and  incensicq  of  Che  CAO  bq  helpinq  Co 
produce  a  phase  shife  becuieen  Che  dlverqence  and  Che 
vcM-clcdCq  fields.  OR  speculciCed  Choc  prcivicq  uxive  stffec^s 
mciq  be  responsible  for  chis  phase  shlfc. 

In  cM-der  Co  examine  Chls  hqpochesis  ic  is  necesscirq 
Co  potoic  ouC  Che  similaricies  observed  beCufeen  Che  CAO 
and  a  qrciviCq  currenC.  This  is  done  bq  usinq  informciCion 
abouc  qrciviCq  currenCs  obcoined  chrcMjqh  cheorecical 
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studies  such  os  that  bt|  Ber^amin  (1968>  and  tank 
experiments  such  os  that  btj  Simpson  C1972>  and  oiso  bt| 
relating  the  features  of  the  CAO  to  Qust  front  cases  that 
haoe  been  related  to  ^raoitti  currents  such  as  the  report 
b(j  Charba  <1974)  and  the  simulations  done  bij  Mitchell 
and  Hooermale  <1977)  of  Qust  fronts.  Some  of  these 
similarities  ore  found  in  the  obseroed  fields;  houjeuer, 
the  CAO  is  a  si^noptic  scale  feature  aixi  thus  the 
rotation  of  the  earth  can  not  be  i^ncxed  as  it  is 
commonf«j  in  mesoscale  features  such  as  9ust  fronts. 

This  difference  in  scxdes  seems  to  be  at  least  partiality 
accounted  for  in  this  ttype  of  anakysis  biy  the  fact  that 
the  effects  of  the  rotating  ectrth  ore  lar^^lty  exhibited  in 
the  9eostrophic  balance  of  the  heights  and  tuinds. 
Therefore,  it  seems  plausible  that  effects  observed  in 
Qrovitty  currents  ex  9ust  fronts  tuhich  ore  not  on  a  scale 
Icir^e  encMfl^h  to  exhibit  the  influence  of  the  rotating 
earth  should  appear  in  the  apeostrophic  components  of 
a  stynoptic  scale  feature  such  os  the  CAO. 

Fi^s  2a— c  are  reprinted  from  Charba  <1974)  and 
depict  scxne  of  the  mcifcx  features  of  a  thunderstexm 
9ust  front.  These  features  serve  as  a  basis  for 
ccxnporisons  between  the  CAO  and  the  pust  front  and 
are  listed  os  foNcxus. 

1.  Fi9  2a  shows  a  pressure  trace  that  increases  as 
the  front  passes  with  one  or  more  pressure  Jumps 
foHcxued  bty  a  dip  and  a  pressure  or  densitty  surQe.  The 
final  pressure  levels  off  at  some  value  higher  than  the 


HEIGHT  (Km) 


Fi9  2c  CusC  fronc  cross— section 

Gust  front  features  reprinted  from  Cltarbo 


FiQ  2a-c 


T 


ori^incil  pressure. 

The  remciiniiM^  fecKures  nre  depicted  in  Fi^  2c. 

2.  There  is  a  ujindshift  line  in  the  uumds  parnHel  to 
the  front  Cnlon^-front)  tuhicd^  preceeds  the  front  h«| 
some  cimount.  Just  behind  this  is  n  minimum  in  the 
winds  perpendicular  to  the  front  (cross— front>.  The 
maxintum  in  the  cross-front  winds  occurs  somewhat 
behind  the  front. 

3.  There  is  a  thermal  rid^e  located  just  before  the 
front.  This  worm  area  is  also  indicated  in  reports  from 
Mitchell  and  Hooermale  (19TT>..  Clarke  (1961>,  Martin 
(1973>,  and  Shapiro  (198-4>. 

d.  The  shape  of  the  leading  ed^e  is  curued  and 
nrta«|  extend  forward  past  the  surface  position.  This 
protrusion  of  the  front  is  coded  the  nose. 

5.  There  is  on  eleuated  region  Just  behind  the  front 
called  the  head.  A  rod  current  is  evident  in  the  upper 
region  of  the  head  just  behind  the  front. 

6.  Behind  the  head  is  on  area  of  considerable 
turbulence  and  mixing  especialk^  in  the  upper  levels. 

7.  Further  behind  the  head  is  the  tod  whose  upper 
extent  is  somewhat  lower  than  that  of  the  head. 

In  the  descriptions  above,  the  term  behind  the 
front  indicates  a  position  to  the  left  of  the  front  in 
these  figures.  It  should  also  be  nottkd  that  the  horizontal 
cross-front  extent  of  the  9ust  front  depicted  here  is 
about  30  km.  The  propagation  speed  of  this  front  was 
about  20  m/s  with  cross  front  winds  behind  the  front 


or  about  25  Tlia  propagation  spaad  oT  ^rouitti 

currants  and  oust  fronts  ucM-tj  sionificantl«|  dua  to  tba 
cliffarant  surfoca  frict^  «n  oncountarad,  tba  rolotioa  doptb 
of  tba  cold  air  usitb  raspact  to  tba  total  daptb  of  tba 
fluid  or  atmospbera,  and  tba  dansitij  differenca  betu«ean 
tba  tujo  fluid  or  air  masses.  Tbe  propaoation  spaed  tl  of 
a  densitij  currant  is  on  tbe  order  of  tens  of  m/s  and  is 
Oiuen  b«|  tbe  equation 

l<Cap/jp)oH  (Ocilq  and  Pracbt^l968> 
uibere  k  is  tbe  internal  Froude  nunrtber,  &p  is  tbe  densitq 
difference^  p  is  tbe  densitq  of  tbe  Hobter  fluid,  q  is  tbe 
qrauitq  and  H  is  tbe  beiqbt  of  tbe  heavier  fluid.  For 
qravitq  currents  k  is  around  1,  CDahj  and  Prcacbt,i968> 
and  around  .5  for  kiroer  scale  densitq  suroas  as  sboum 
bq  Barson  Ci958).  Tbasa  values  ore  rc>und  tbrouqb  scale 
anah|sis  or  empiricaHq  set  so  tbere  is  some  vciriobilitq. 
Tbe  ratio  of  tbe  maximum  udnd  speed  behind  the  front 
to  the  frontal  speed  is  qivan  exper fa  nef  tt  aWq  bq  Simpson 
C1969>  os  1.3.  This  value  is  validated  bq  observational 
results  bq  Cborba  (19Td>  and  mcxiel  results  bq  Mitchell 
and  Hovermale  C197T>. 

It  is  then  tbe  intention  of  this  paper  to  illustrate 
these  features  of  a  qust  front/qrovltq  current  ns  tbeq 
ore  exhibited  in  the  CAO,  to  expkxe  tbe  possibMitq  of 
these  features  havinq  a  controNfatq  effect  on  tbe 
frontoqeneticol  process  os  it  occurs  fai  tbe  frontal  arone 
of  tbe  CAO,  and  to  examine  tbe  interactions  of  these 
effects  ufitb  tbe  sqnoptic  fcM-ces  present. 


CHAPTER  y 


SYNOPTIC  OUEROIEM 

Fi^s  3-5  shouf  rime  series  of  three  surface  and  500 
mb  charts  urhich  depict  the  movement  and  development 
of  several  ver«j  intense  cold  fronts  over  the 
Southeastern  tf.S.  during  the  time  period  of  OOz  Jan  2T, 
1986  through  OOz  Jan  28^  1986.  This  corresponds  to  a 
strono  upper  level  trouph  urhich  moves  sfoudij  across 
the  Eastern  tl.S.  and  a  stror^p  surface  hiph  pressure 
s<|stem  ULVhich  travels  south  from  Northern  Canada  to 
Southern  Texas  during  this  period.  Mith  the  passape  of 
these  fronts  there  ore  dramatic  temperature  drops  of 
over  30  deprees  F  In  12  hours  In  Northern  Florltta  and 
e<|uallij  dronrxitlc  firops  In  dewpoints.  Different  t«^es  of 
cold  frortts  con  also  be  differerttiated  durirtp  this  time 
period.  The  cokf  front  preser«t  at  80z  Jon  2T  uras 
t«|pified  b«|  weaR  temperature  gradients  and  strc»n9  wind 
shifts.  The  cold  front  that  erttered  Florida  at  12z  Jon 
2Tth  urns  marked  b«|  ver«|  Mttle  urlnd  shift  and  ver«j 
strcMrtQ  temperature  gradients.  This  seems  to  be 
associated  with  a  strong  cold  air  outfkMU  t«fpiried  b«|  the 
southward  migration  of  the  surface  hiph.  It  is  this  front 
that  wHIl  be  studied  in  depth  in  this  repcxt.  Fips  T— 9  ore 
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CiMK  plocs  of  poeantiol  C«tmpttrattw*  <!B>  at  850,  700,  nnd 
500  mt>  f  »p»ctio^Hj  for  OOz  Joo  27,  1908,  t«*r*cifCw 
coMmI  Oez27,  12  z  Jon  27,  1988,  lizrzciflrzr  ccaMzcS  12z27, 
on<f  OOz  Jan  20,  1988,  tiaraofCar  called  08z28.  THese  plots 
stiouj  a  oer«|  strong  temperature  gradient  Has  formed  bij 
ttte  second  time  period.  Behind  this  front  a  cold  pool 
develops  that  has  its  center  over  the  southern  tip  of 
Minlos.  Over  this  time  period,  usinQ  Central  Kentuckvi  as 
a  reference  point,  O  at  850  mb  drops  from  273K  to 
257K.  This  Is  a  €lrop  of  18K  in  2^  hcMirs.  At  700  mb  0 
drops  from  278K  to  273K  in  2d  hc»urs,  a  drop  c»f  5K. 

Thus  the  stabHitij  of  the  area  h<«s  increased.  This  is  due 
in  port  to  rcKliationcd  cooMno  uuhich  is  strongest  at  the 
surface.  A  sipnificant  line  of  stronp  praciient  of  O  is  also 
created  flurinp  this  time  period  which  runs  north  and 
south  from  Minnesota  to  Alabama.  An  important  feature 
of  this  spstem  is  the  slope  of  the  ridpe-trouph  axis.  Fip 
8  depicts  how  a  ridpe— trouph  st|stem  that  slopes 
westward  with  heipht  Is  associated  with  on  area  of 
minimum  thickness  In  the  heipht  field.  Stortinp  from  the 
hydrostatic  ec|uation  it  con  be  shown  that  decreasinp 
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Fi9  7a  8SO  mb  Fia  7b  700  mb 
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Fia  7c  500  mb 


Ra  7o-c  PoCetiCial  temperature  in  KeKrin  for  OOe  Jan 
27,1986 
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700  Ma 
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007/7#/W 


Fi^  9n-c  Pocentkfl  temperocure  in  Kel^^n  for  002  Jctn 
20,1986 
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CliicIcrMss  impltes  <S«crectsio9  c«mp«rcicurtt. 

T*-(l/R>clf/<Mnp  wt*mrm 

Thus  for  a  constortC  —clp  Cpotn^  up>  a  «tecr*cis*  in 
nrirenns  a  decrensn  in  O.  Fi^s  3-5  indiccicn  Che  height 
pciCCern  does  indeed  slope  Co  Che  uuesc  uuich  hei^hc.  Fi^s 
10«— c  shouu  Che  peoscrophic  chickness  of  Che  kitjer  from 
850  mb  Co  500  mb  for  Che  2d  hour  period.  Usino  Chese 
ucalues  in  Che  ciboue  eciucicion  one  concolculaCe  Che 
change  in  Chickness  ouer  CenCrnl  Kencuckij  os  119m  ovfer 
Che  2d  hour  period.  This  corresponds  Co  n  chanQe  in  O 
of  8.6K.  This  is  cicCucdki  a  itecle  higher  Chon  chcic 
experienced  ciC  Che  TOO  mb  leuel  ,  alChouQh  iC  is  onlt| 
holf  of  Che  chcmoe  fcxmd  etc  che  850  mb  leuel.  This  con 
be  explained  b«|  che  cflfrerencial  oduecCicMi  of 
cemperocure  udeh  heiphc.  Ac  850  mb  che  udnd  ore 
nordMuescerk#  causing  cold  cxiueccion.  The  winds  ueer 
ufich  heiohe^  houteuer^  and  oc  500  mb  Che  ujiixls  ore 
CMfueccinQ  warmer  Cemps.  Therefore  cme  would  expecc  a 
OreoCer  neoociue  chonQe  in  o  in  Che  lower  levels  Chon 
che  upper  levels  os  compared  co  che  averope  chanpe  in 
Che  lcM|er  os  predIcCed  b«|  che  tM|droscaCic  e<|uacion.  IC 
should  also  be  noced  ChoC  che  surface  hioh  appears  Co 
che  wesC  of  che  cokSesC  air  cdofC  roCher  chon  direcdo 
beneoch  Ic.  As  che  surface  hloh  moves  souchword  ic 
scaijs  to  Che  wesc  of  che  scronoesc  line  of  e  chonoe  buc 
Co  che  ease  of  Che  upper  level  rid^e  in  accord  wich  che 
sloping  ridpe-crouRh  nrtecdxanism  described  above.  In  che 
kfsc  Cime  period  we  see  Chac  upper  level  ridoe-crou^h 


Fi9  10«  ®0«  icm  27,1986  Fi^  10b  12z  Jcwi  27,1986 


7  THOOCSS  CCPSmOP  t50*SO 

QaZ/28/M 


Fi^  10c  002  Jon  20,1980 

FiQ  lOo-c  Ceoscropliic  thickness  of  the  lai#er  858  mb  to 
500  mb  in  meters. 
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st|st«nr»  iMis  mo\j>ed  ecisCuiMircl  and  decreased  in  incensicij 
uflkile  Che  stirfoce  hiQh  has  movred  soucheascuuKird  and 
decreased  in  scren^ch.  This  implies  Chat  Che  eTfeccs  of 
Che  sloping  rkf^e— Crouch  stfsCem  in  enhancirt^  Che  cold 
pool  are  nouj  dissipoCin^  and  Che  effeccs  of  adoecCion 
and  radiacional  cooling  urill  become  more  imporCanC. 


CHAPTER  IM 


DATA  AMD  OBJECTIUE  ANALVSIS 

In  orcl«r  to  nncilt|2«i  this  ons«k  a  25x25  ^rid 

uuith  1x1  ctepree  qrid  spocin^  ulpcts  used.  The  ^rid  hns  its 
origin  in  the  lotuer  left  hcind  corner  at  25  decrees  north 
latitude  and  103  decrees  tuest  longitude.  Upper  air  data 
uuere  collected  from  stations  at  5  leoels  in  and 
around  the  prid.  Reported  data  ujere  input  at  5  leuels, 
those  leoels  bein^  1000,  050,  700,  500,  and  250  mb. 
Pressure  surface  heiqihts  u»ere  input  at  all  5  levels  uuthHe 
uMnds  tuere  input  at  the  top  four  and  temperature  and 
deujpoints  uvere  input  at  the  middle  three.  In  data  sparse 
regions,  such  as  over  tjuacer,  data  uMre  hand 
Interpolated  from  NMC  charts.  Fi^  11  shouts  the  prid  and 
the  stations  used.  Stations  tuith  reported  data  are 
represented  as  fiMed  circles  urhile  interpolated  positicxis 
are  represented  as  trirmQles.  Additional  sounding  data 
urere  obtained  to  help  verifti  station  data  and  fill  data 
sparse  regions.  The  rouu  data  umere  then  analt|zed  onto 
the  Qrid  at  the  five  input  levels  usinQ  a  four  pass 
ujel^hted  Cressmon  anattfsis  scheme  described  In 
Appendix  A.  Temperature  and  height  data  UL>ere  then 
interpolated  cxito  four  irvtermediote  levels.  The 
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InCernrMdIciCs  tevwls  tM«re  sttC  at  ttia  o^^aro^e  Icm?  pressure 
le\/el  of  the  ocliacertt  input  leuels.  These  leoels  ore  at 
9T2,  7T1,  S92,an<l  354  mh.  Temperatures  u#ere 
interpofoted  KnearHj  uuith  the  height  computed 
hi|drostaticalltj.  These  intermediate  levels  are  important 
for  a  smooth  fit  for  the  ht^drostatic  filter.  The  prid 
sijstem  Is  listed  btj  level  in  Table  1. 

TABLE  1 

Level  Press  Ln(P>  Data  present  Filter  Used 


9 

250 

398 

U,U,PHI 

none 

8 

354 

298 

T,PHI 

H 

C 

T 

500 

199 

U,U,T,TD,PHI 

G 

H 

c 

6 

592 

151 

T,PHI 

H 

c 

5 

700 

102 

U,U,T,TD,PHI 

G 

H 

c 

A 

771 

75 

T,PHI 

H 

c 

3 

850 

47 

U,U,T,TD,PHI 

G 

H 

c 

2 

922 

23 

T,PHI 

H 

c 

1 

leoo 

O 

PHI 

NOME 

u,u 

Minds 

in  my's 

T,TO 

Temps 

irature 

and  Dewpoint 

in 

Kelvin 

PHI 

Geopotentkil 

in  mOm/sOs 

C 

Ceostrophic 

filter 

H 

Hydrostatic  filter 

C 

Continuity  filter 

These  pridded  data  ujere  then  checked  for 
consistency  opainst  the  NI4C  charts  at  the  input  levels 
to  insure  that  no  errors  uMtre  present.  Tu«o  other 
methods  u#ere  used  to  check  for  input  errors.  As  the 
Cressmon  anoHisis  proceeds,  the  pridded  data  ore 
interpolated  bock  onto  the  station  locations  and  the 
residuals,  the  iNfference  between  the  input  value  and 


the  btick -Interpolated  value,  ore  computed  and  aver  aped 
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ovp«r  ciM  fl»ldl.  TIms*  v^<il4J«s  sho«j|d  ctecrccis*  ULficti  scich 
M«cc*ssi<cw  pass.  THis  also  is  cha  Imsis  for  ciackfin^  u«t»ac 
radius  of  influonca  to  usa  io  cha  cmoltjsis.  Those  values 
ufere  found  Co  he  occepCnble  oC  all  levels.  THis  is 
explained  furCHer  in  Che  explanacion  of  Che  Cressman 
analt|sis  scheme  in  Appendix  A.  Also^  since  one  of  Che 
oucpuc  fields  is  Che  difference  field  between  the 
9eosCrophic  and  observed  fields^  errors  in  Che  observed 
data  someCinraes  appear  as  lorpe  oncxnoKes  in  Che 
apeosCrophic  field.  These  anomolies  u»ere  checked  for 
voNdicij  also. 

There  has  been  no  smooChinp  of  anij  of  Che  input 
data  except  for  choc  inherent  in  Che  Cressman  analt|sis. 
Afso^  alchouph  data  were  incerpoloCed  into  data  sparse 
re^ions^  these  regions  were  usuolbi  at  the  ed^e  of  Che 
9M'id  and  Che  resulcanc  fields  were  alwatfs  consistent  with 

porcra«|als  and  Che  supplenvanCal  soundinps  obtained. 
No  input  station  values  were  chanped  where  reported 
data  was  available. 


CHAPTER  lU 


UARIATIOHAL  METHOD 

Th«  m*chc><l  of  usinQ  croriocioncfl  filters  Co  •xtrncC 
oorious  compononCs  of  nrft«c*orolo9iccil  fteMs  fkos  b«*n 
usod  In  IniCinliznCion  scHomos  successfuil«j  and  is  ouclinad 
In  continuous  form  In  Hcdclnar  and  MINIams  C1980>. 
AppandIx  A  ^iuas  Cba  darKmCion  of  Cf»a  finica  dlfforonc* 
uorsion  of  tha  CHraa  filCars  usad  in  Cbis  sCud«4>  Tl>ara  nra 
saoarcd  points  tbat  dasoroa  spoclol  cittantion  and  ocacb 
ULfW  ba  montlonad  In  Cfta  dascription  of  Cba  filtars. 


Fid  12 

Eocb  of  tbasa  fUtors  axtracts  a  spacific 
co*nponant  from  tha  input  fiold.  An  axompla  of  tba 
filtarinp  procass  is  schanrMfticalhi  raprasantad  in  Fid  12.  In 
tbis  dopiction  tba  sbadad  oraa  Is  tba  d*ostropbic- 
bt|<ltostatic  componant  ufbila  tba  stripad  oraa  is  tba 
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inc«rncil— apeoscropHic  component.  In  or«ter  Co  insure  cHoC 
Che  fincil  fields  care  cad^usced  correc:Cltj  Co  oil  cfae  c^ondiCions 
it  is  necesscaraj  to  itercite  tlirouQta  the  filter  sec^uence 
shouin  in  FiQ  13.  Tricil  cind  error  hcis  shown  that  three 
iterations  ore  sufficient  for  convergence. 


Figi  13 
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HtV«l«-ost:M«i€=  FIIKm- 

Tlte  ot»s:*rv/<kcl  ctoco  nre  ccMTip«jC«<i  from  C>t« 

rcMiiosorMi*  tamporoCurA  ond  pr*ssur«  <SoCo 

li«jcfrosc«Cic<illi|^  fe>uc  tfi«t  ti«j<i<'ostciCic  filc*r  is  ncedttci  Co 

keep  Che  ocilues  in  hydroscciCic  bnicince  tfurir»9  Che 

ndjuscmenC  process.  As  scaCed  before^  Chere  ore  hei^hc 

ond  cemperocure  doco  oc  levrels  2  chrouQh  8  and  Chese 

ore  Che  levels  oc  ujhich  Che  ht^drosCocic  filcer  odjusCs 

values.  The  incermedioCe  levels  oIIouj  for  a  smooCher  fic 

and  decrease  Che  error  inherenC  near  Che  boundaries.  The 

cK^uscnnenC  process  re4|uires  Choc  Chere  be  no  adjusCmenC 

ac  Che  Cop  and  boccom  boundaries.  Eqn  1  is  Che  finiCe 

difference  form  of  Che  funcCional  for  Che  hMc^f'osCaCic 

eqocion  and  Ec|ns  2-5  ore  Che  equacions  for  T  and  The 

derlvoCions  of  Chese  ecfuacions  are  HsCed  in  appendix  A. 
EQN  t> 

JC[a<Tyfc-Tojn<  >*+ 

ufhere  w  is  Che  error  module  for  T  and  is  Che 

error  nrxxdule  for  These  error  modules  ore  also  called 
precision  modules  or  ufeiqhc  focCors.  A,  is  Che  lapronqe 

mulciplier  foC  che  consCrainC  as  explained  in  Hkl  C1980>. 

EQN  2>  Tjji^  +  TOj||c 

EQN  3>  For 

EQN  d>  tk*<^k-*-l~^k-l>^P^**<^'*- tok  Fcm-  k-3.T 
EQN  5>  -A.7«r2P^PC  ^o^  For  k-8 

The  opproprioCe  ArS  ore  found  from  Che  folloujinq 
ef|uacions  depending  on  che  posicion  in  che  qrid  oc  uihich 
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calculciUon  ccilcas  plac*. 
For  k-3.7  EQN  7> 


>*C-»A^_2/2(3A  PB^  pc  -t-C^  4  0|c  PC  -  To|J 

l/2paPFaPC  +  l/^APHBAPC  +  l/2a 
For  k:=2  EQM  8> 

A|^  “  [A|f^2^P^^F&PC  +  {*^^k-*-t — ♦o|^_£)^APC  —  TO|J 

l/2P^PFaPC  -h  l/4(iAf>HBAPC  +l/2tt 

For  k-8  EQN  9> 

^k  “  [A.|,_2ir2pAPBaPC  +  <^0|<^1— ♦0|t_i»’APC  -  To|J 
I/2PAPB&PC  +IAIP&PHTAPC  +l/2ot 

k:  sHoul<l  b«  noted  that  there  are  several  UL»a«|S  to 
deal  ULiitti  the  houndartj  conditions.  In  this  case  it  unas 
decided  to  redefine  the  finite  differertce  form  of  the 
derivatives  near  the  boundaries  to  forurard  or  backcuard 
difference  forms  tuith  the  assumption  that  x  is  zero 
ever<|UJhere  on  the  boundaries  and  outside  the 
computational  domain.  The  redefined  derivatives  are 
indicated  in  the  previous  e«iuations  bt|  the  notation 

^PC*Pk>l-**k-l  ^**F***k-#-2-**k  ^•*®“**k-**k-2 

APHT-Pn-P,^_l  APHB-P,C4^1-P,« 

udiere  k  indicates  the  pressure  level.  This  method 
has  proven  to  be  acceptable  as  lon^  as  the  nnethod  is 
consistent  throughout.  The  **ad!iusted"  field  of  this  filter 
is  the  ht|drostatic  CHerctofter  called  HVD>  component 
u^Me  the  residual  field  of  this  filter  Is  the 
non— iMfdrostatic  (Hereafter  called  AHVO>  component. 
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C«€»s«ropMc  Fllcsr 

Ecins  lO  cmd  11  <ir*  rhc  finita  cliffttr«nc«  form  of  cIme 
fuoctioocils  for  Kli4B  90osCrof>l«ic  cMfiustnrMnC  of  u  oncf  o 
rMsp*cciv#*l«|. 

EQN  18)  JlC^^ot<tj^|t-«JO|j|<>^P<tijlj— ♦ojji^^ 

f  o*-<4  n^tK-^  a-ll<>^^  xA  M 

EQN  11) 

■*A^  f  04-<t  i^ljlc-4»i-ij|c>^^  >01A  xAt# 

Eqns  12  cmd  13  cir*  th*  ttCitMittoos  for  u  and  o  and 
hooa  no  prot>lanr>«  oc  cl%a  l>o«jndarias  sinca  oH 
compucarions  ora  mada  cMt  cha  QridpoinC. 

EQN  12)  U||*Kjo^<f/2ot)A.uy 

EQN  13)  M|j«oo||-<f/2ct>A.V|j 

Ec|ns  14-18  ora  ctt«e  atiuacions  for  ^ . 

EQN  14)  4  V>^U|2 -*-4 <>11  for  j^l 

EQN  13)  4|2»-*-<l/'4P^tr>>'^Ui3  +4012  1*2 

EQN  18)  4^~~<l^^^>f><^u^-l  -*-4o^  for  j>3,n— 2 

EQN  17-)  4j„_l— <lA<aA>|r>iVu*„-2  +4o|„_l  for  J-n-1 

EQN  18)  4in~~<*^^'f>^*4n-l  '*‘♦**10  !“<• 

It  should  ha  notad  that  although  aquations  for  ^{i 

and  4|yf  ara  list  ad,  thasa  uoluas  ara  not  ad|ustad  and  ara 
ohucvqs  actual  to  tha  cvhsowad  vraluas.  This  Is  dua  to  the 
fact  that  at  all  points  on  th«  lotarol  bcMjndarias  as 
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UMkN  as  ooa  ^rldpoioc  in  frc^m  tl>a  boundciries. 

EQH  2®)  Ji,U||-(2«p<2A«j>^fuo^<A,Uij^2«-A,Uij_2>/2P<2A«j)^ 

+<♦  o^_,>/2A^J|/<  f  ^<2*  tjO  ^+2«> 

EQH  21)  AA/j^[2oe.p<2A><>*HfvOi|4-(i*,V|^2|^^''^i-2ji)^P<2Ax)^ 

■^<4>  «»i+ir^  "i-lpJ^^  *^V<  f  ^2A  X)  ^♦2a> 

Ttiis  is  aquivrnfent  Ko  a  finie«  diffararkca  form  of  Cba 
concinuotjs  Eular —LaQran^a  SQaaCions  usinQ  cantered 
difference  forms  of  the  derK>citi\/es  spanning  ZAx  and  2&ij 
instead  of  Ax  and  A«|.  This  appears  to  be  a  rtecessit«|  to 
precitxle  comp«jitational  instobilitij  in  the  acljustment 
process  CSasoici  and  Mcdnietj.  1975).  The  peostrophic 
filter  adjusts  the  observed  tuind  to  the  9eostrc»phic  state 
ujith  the  C4^nstraint  that  the  adjusted  ufinds  be  close  to 
the  observed  utinds  in  a  least  square  sense.  A  unique 
result  of  this  technique  Is  that  the  the  observed  heiqhts 
ore  adjusted  at  the  some  time  ifieldinq  a  qeostrophic 
heiqht  field  that  is  also  cHose  to  the  observed  heiqht 
field  in  a  least  square  sense.  This  tqpe  of  dual 
a<ljustvTtent  ux>uld  appear  to  be  more  realistic  than 
computinq  qeostrophic  unnds  from  observed  heiqhts  and 
althouqh  the  latter  method  moq  be  sufficientlq  accurate 
fCM*  some  treatments  it  is  not  accurate  enouqh  to  qield 
the  finer  scale  infornrxition  uve  need  for  this  tqpe  of 
anolqsis.  The  qeostrophic  filter  is  executed  at  the  850, 
700,  and  500  mb  levels  independentlq  except  for  the 
further  fHterinq  bq  the  hqdrostotic  filter  ufhich  ccmstrains 
the  fields  to  be  hqdrostotic. 
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External  Mxvc 

In  tMs  studti  it  is  ctesircible  to  exclude  tiMB  •ffscts 
of  tlM  lii^ti  fr*<|u*ncij«  fast  mooing,  axtornol  Qrovriti# 
ULMi^^as.  Ttiarafora,  tl«a  continuittj  equation  is  used  to 
filter  ttie  resultant  fields  excludinq  most  of  the  external 
components.  This  is  done  uia  Eqn  22  which  is  the  finite 
difference  form  of  the  corttinuitq  equation  functional. 
Eqns  23,  24,  and  2S  ore  the  equations  for  u,  u,  and  X 
respective  •M- 

EQN  22)  l<u-uo>^+< v-vo>*lAP  + 

Ai:«  U|.|.ij|<-U|-lj|<>>2^  X  ■»•<  *** 

EQN  23)  U|>(  A.|  >/4ax-»-uO| 

EQN  24)  Vj*<  A,|_£-Aj.^£  )/4&q-B-voj 

EQN  25)  A.i|=[<  >Ai#2  +(  >Ak^ 

>2<  Ax*-»-Aq^  )-2/Ps  Sp  (t  (woi+i-“Oj_|>aq  •»-<  voj.,.l-voj_|>^x  ]  / 

<aK^+aq^  JAP 

Mhere  P,  is  EpAP 

Durinq  the  adfustment  prcxiess  the  residuals  of  the 
individual  fields  should  qet  verq  snrxill.  The  residual  of  a 
field  is  defined  as  the  rms  overoqe  value  of  that  field 
uuhen  opertited  on  hq  the  appropriate  constraint 
equation.  Thus  in  the  case  of  the  qeostrophic  filter,  the 
ad|usted  u,  v,  and  ^  were  operated  upon  at  all 
qrldpoints  bq  the  qeostrophic  constraint  equation  and 
the  rms  dstvicttion  from  zero  was  connputed  cmd 
overoqed  at  ectch  level.  For  complete  accuracxi  this 
value  shcMJid  be  zero.  The  error  nrtodules  ot  and  p  for 


racofYipuCccI  cic 


:h  iteration  and  Cf»es< 


•act*  rut  Of  ora 
v>olua»  sl>ould  dOC  IcirQe. 


in  Tobla  2  tHac 


Kh*  vralang  cfo  foUouu  tHts  paCtarn.  toaraCion  4  umw 

tastad.  l>«Mt  Clia  vMiluas  chan^ad  liccla. 

Tat>l«  2 


itercit:lc»r> 


Ceostrophac 

i 

2 

3 

u  residual 

.19E-3 

.37E-ie 

.27E-ie 

<X 

.lE-t2 

.73E^2 

.85E-tl8 

P 

.18E-»14 

.lE-tl7 

.1E-»17 

T  residual 

.79E-1 

0.8 

8.8 

«C 

.27E-tl3 

.27E-t-13 

.lE-tlT 

P  .IdE-t-lC 

External  Ulcio^ _ 

.lE-rl7 

JiE-tl7 

reskfuol 

1.8803333 

1.8883333 

1.8883333 

Tobte  2  is  onl«|  a  r*pr«s«nt;at;ivNB  set  sttoujin^  tlie 
progress  of  tlie  adjustnr«ent  process  for  on  tVtree  filters 
for  OOz  Jon  27  850  mb. 

In  order  to  do  tbe  second  and  third  iterations 
meonin^fultai  it  urns  necessorti  to  odd  the 

^eostrophic— tejdrostatic— internal  component  C  CEO  >  c«nd 
the  a9eostrophic-h«|drostatic— interned  component  (ACEO> 
together  and  use  this  as  the  input  field  for  the  ne>ct 
iteration. 

Comparison  of  the  final  output  fields  shouf  \rer«j 
90od  agreement  ufith  the  expected  results.  One  thinp  to 
note  is  that  since  no  adjustment  u«ill  occur  on  the 


bcxjrxiaries.  the  last  tujo  prid  points  next  to  the 
bouTMlaries  ufW  carr«|  s«|stematic  errors  cmd  ore  not 
plotted  in  the  output  field  representations.  In  the 
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iMjcIroscatic  case  tlie  sustematic  errors  are  confined  Co 
one  oridpoinc  in  cite  oerCicaL  Three  sctparoCe  CesCs  were 
run  Co  check  Che  sensici\/ic«j  of  Che  resulCs  Co  Che 
houndorij  condicions.  In  Che  firsC  cesc  random  ualues  up 
Co  -t-y—  3  my's  were  added  Co  Che  observed  winds  on  nil 
laCeral  boundaries.  In  Che  second  CesC  random  ualues  of 
■%-y—  lO  m  were  added  Co  Che  observed  heiphc  field  on  all 
loCerol  boundaries.  In  eac^  Cesc  observed  values  were 
used  oc  all  csCher  ^ridpoinCs.  The  AGEO  wind,  heiQhC,  and 
divergence  fields  ujere  Chen  compared  Co  Che  original 
anakisis.  In  Che  Chird  cesc  random  values  of  3 

decrees  C  were  added  Co  all  ^ridpoinCs  on  level  2  and  8. 
The  AHVO  field  was  Chen  compared  Co  Che  original 
anaf<|*is.  In  off  chree  cesc  no  scipnificanC  chnnpes  were 
found  in  Che  resulconc  fields.  B«|  movinp  Che  prid  several 
deprees  ic  was  deCernruned  Choc  Che  feacures  shown  in 
Che  ouCpuC  fields  urere  noC  prkf  dependenc  and  showed 
pood  consiscertcp  c»f  posicicMt  excepc  for  a  sliphc 
Cendencp  Co  close  off  feacures  near  Che  edpes  of  Che 
ploCs. 

The  weiphc  facCors  or  error  modules  «  and  0  in 
each  filCer  have  a  definice  effecc  upon  Che  resulCanC 
acIfusCmenC  process .  This  ef f ecC  was  CesCed  bp  rerunninp 
Che  some  cases  for  differenC  values  of  <x  cmd  0  Co  see 
how  Che  resulconc  fields  chonped.  Pips  14-18  are 
represencocive  resulcs  of  chese  cescs  and  show  Che 
expecced  resulcs.  The  raCio  of  one  weiphc  facCor  Co  Che 
ocher  in  each  furtcCionol  conCrols  Che  relaCive  amounC 
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Citot  value  u«ill  be  adjusted.  In  tbe  ^eostropbic  filter  tbis 
means  tbot  if  a.  tbe  ujeiQbt  factor  for  urinds..  is  vert| 
lorpe  compared  to  tbe  uieiQbt  factor  for  bei^bts,  tbe 
beiobts  uuill  be  adjusted  more  tbcin  tbe  ujinds.  Therefore 
in  Fip  Id  as  <x  beconrtes  ver«j  lar^e  ujrt  (i  uje  see  tbat 
tbe  GEO  urind  become  vertj  similar  to  tbe  observed  uuind 
Ctbe  AGEO  ujinds  ^et  lighter).  Conversel«j..  uuben  fi 
becomes  lar^e,  as  in  Fi^  IS,  compared  to  a  uue  see  tbat 
tbe  GEO  (|>  field  beconrkes  similar  to  tbe  observed  field 
Ctbe  AGEO  ^  Qet  smaller).  Fi^  IS  sboujs  tbe  AHVD 
temperature  field  for  a  lorpe  compared  to  n  in  tbe 
btjdrostatic  filter.  Here  a^ain  u«e  see  tbnt  in  tbis  case 
tbe  AHVD  temperatures  ^et  smaller.  Tbe  crucial  tbin^  to 
note  bere  is  tbat  in  all  tbe  tests  run  for  different  uuei^bt 
factors,  tbe  basic  pattern  remained  tbe  same.  Mbere 
tbere  u#ere  bi^bs  ufitb  one  set  of  uueiQbts,  tbere  uuere 
bi^bs  in  aU  otber  sets.  Tbe  same  beld  true  for  lows. 
Therefore,  although  tbe  absolute  value  of  output  fields 
con  be  altered  bt|  usinp  different  weiQbt  factors,  tbe 
relative  shape  of  tbe  fields  is  not  alterable  and  is 
consistertt  throughout.  This  result  is  both  expected  ar%d 
absolutelti  necessartj  for  the  results  of  tbe  filtering 
process  to  be  meaningful. 

Otber  output  fields  fall  under  tbe  categories  of 
derived  fields  and  supplemental  fields.  Derived  fields  are 
computed  usinQ  output  from  tbe  filtering  prcx^ess  such 
as  tbe  kinematic  «>  .  Supplemental  fields  are  moisture, 
frontopenesis,  etc.  Tbe  methods  for  computinQ  these 
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FiQ  14ci  Mei^hC  test;  « 9=1.0 
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RES  CROSS  ERONT  WINDS 


FiQ  14b  Mei9bt  test  a  ^=100.0 
Fi9  14ci-b  Test  for  9eostropfiic  uitnd  errow  module  a^. 
14a  sboujs  a9eostropbic  ujinils  found  witb  std  14b 

sboujs  same  with  std  ot^SlOO. 


300  mb 
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830mb 


.)aoM  *z  «  3000  cos'Ov*  V  ■  x'.i 

FIq  16ct  MeiQbt  test  ct|,=50. 


«tt*^O0.O 


830mb 


FiQ  16b  MeiQbt  test  c:|,=3000. 

Fig  16<i-b  Test  for  bgdrostatic  temperature  error  mocfule 
«fi-  16a  sboufs  aitgcfrostatic  temperature  found  with  std 

16b  shows  same  with  std  <x  1,8100 


fields  ore  found  in  Appendix  A. 
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CHIV>TER  U 


RESULTS 

of  r«isulcs  sHoujn  in  this  section  uiiill  l>« 

in  rlie  form  of  o«rLic<il  cross-sections  of  ttic  nncHt^sis 
Qrici.  These  cross-sections  represent  oerticol  slices  tnicen 
<ilon9  line  A— 8  In  Fi^  17.  There  ore  13  priflpoints  in  the 
horizontal  olon^  this  line  an<l  18  ^rlclpoirtts  In  the  \>ertlccil 
oxtendinp  from  958  mh  to  588  mb.  Approximate  station 
locations  close  to  line  A— 8  ujMI  be  shoum  olon^  the 
bottom  of  the  plots  os  tuell  as  the  approximate  surface 
frontal  position.  There  ufiN  be  tumo  t«|pes  of 
cross-sections  shoum.  The  first  t«|pe,  labelled  original, 
includes  onki  data  from  ^ridpoints  closest  to  the  uerticral 
cross-section.  In  the  second  t«|pe..  labelled  cn/era^e^  each 
RTidpoint  in  the  cross-section  repreitents  data  oueraQed 
olon^  the  curues  shoum  in  F§%f  17  at  all  levels.  These 
curves  ore  positioned  to  be  opproximateltj  parcdlel  to 
the  front.  The  intent  of  such  overa^inv  is  to  elinr»inate 
sn«an  deviations  present  cHonp  the  front  and  determine 
uuhfch  features  are  representative  of  the  front  as  a 
u/hole.  Deviations  ore  predicted  alon^  a  denslt«|  interface 
bu  the  uxsrk  of  Simpson  C1972>  whose  experiments  shcxu 
the  fcM-motion  of  clefts  and  lobes  in  the  fror>tal  surface 
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Fi9  17  Horizontol  cin<ili|sis  ^ri<M  stioujin^  projection  of 
verticcil  cross— section  line  A— B.  Tlie  curves  are  used  for 
averaQinQ  ulonQ  tfie  front.  The  intersection  off  the 
curves  and  line  A-B  shours  horizontal  position  of 
Qridpoints  in  vertical  cross-section. 


Station  locations  close  to  vertical  cross-section  line  A-B 
are  iisted  on  cross-section  plots  as  P  =Peoria  S  ^Snlem 
N  =Nashville  C  =Centerville  Q  =Appalachacola. 


of  <tanslC(|  currttrkts.  Tests  tuere  mcMSe  ufittt  <Mrrerent 
length  cn.MKrcM9in9  ctirves  tuitli  no  apprecial»l«  ettem^e  in 
the  results.  Fi9  18  shocus  tt«e  bciroQrcipH  trocin^  for  Mest 
Pcilm  Becicf*  Fl<i.  from  Jem  28  to  inn  29^  1986.  The  three 
times  fit  tuhich  the  rcidiosonde  dntci  were  cin<ilt|zed  cire 
mcirked  on  the  time  series  plot.  The  pnssci^e  of  the  first 
front  is  denoted  btj  FI  on  the  trncinQ  nnd  thot  of  the 
CAO  front  is  denoted  F2.  This  pnssa9e  is  preceeded 
b«|  n  rise  in  surface  pressure.  At  frontal  passage  there  is 
a  dip  tel  pressure  and  then  a  continued  rise  to  a 
maximum  opproxtenoteltj  18  hours  later.  This  maximum  is 
then  followed  Ixj  a  sharp  decrease  tei  pressure.  This 
pattern  is  similar  ciualitatiuehi  to  that  of  the  ^ust  front 
passage  pressure  tendency  shown  tei  Fiy  2a. 

Fiys  19a— c  shexu  the  potential  temperature  <0> 
profile  olony  the  original  line  for  80z2T,  12z27«  and  88z28 
respectively.  Fiy  19a  shows  clearly  the  strony  horizontal 
yrodient  of  O  at  the  lowest  level.  The  front  at  this  time 
is  near  Nashville  CBNA>.  In  Fiy  19b.  12  hours  later,  the 
front  is  between  Centerville  CCKL>  and  Appokichocola 
CAQQ>.  The  frontal  position  was  determined  at  the 
lowest  level  throuyh  examination  of  these  plots  and  the 
plots  of  relative  vcxticity.  From  this  analysis  it  was 
determined  that  the  overaye  propoyotion  speed  of  the 
front  was  opproxirrxitely  11.6  m^rs.  In  Fiy  19b  there  is 
evidence  of  the  fomxition  of  the  intense  cold  pool  at 
the  southern  tip  of  Illinois  os  there  is  siynificant  Hftteiy 
of  the  isentropes  tex^ciNy  tei  this  area.  This  Hftteiy  con  be 
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POTENTIAL  TEMPERATURE 


Fi9  19c  Potential  tennperoture  original  cross-section  in 
Kelvin  for  OOz  Jan  28 


FiQ  20b 

20ci— b  Potenciol  Cempernture  nvero^e  cross— section 
in  Keloin  for  0Oz  Jan  2T  and  12z  Jon  2T  respectioelu. 
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%mmn  Im|  compcirin^  the  height  of  the  2T6  K  isentrope  Cin 
l»okf>  from  19o  to  19b.  Just  behivMl  the  front  in  this  plot 
there  is  on  nren  of  instnbilittj  in  the  loudest  level.  In  FiQ 
19c,  nlthou^h  the  iserttropes  ore  stiH  someuLihcit  hiQher  in 
the  Ohio  Cfcilletj  orea,  the  isentropes  have  louieretl  in 
height  from  their  positions  at  12z27.  FiQs  20a— c  are  the 
same  plots  olonQ  the  average  line.  The  similaritij  of  Fi^s 
19a-c  and  Fi^s  20a-c,  taking  into  account  the  e>cpected 
smoothing  done  btj  the  avero^in^  process,  su^Qests  that 
the  use  of  these  averoQin^  c»jrves  is  Justified. 

The  rising  of  the  O  surfaces  from  Oz27  to  12z27  and 
their  subsequent  lourerinq  betuueen  12z27  and  Oz20 
suqqests  Chat  the  potential  enerqq  of  the  area  maq  be 
chortQinq  durinq  this  period.  Fiqs  21a-c  inciicate  that  this 
is  indeed  the  case.  The  potential  effMtrqq  uras  determmed 
b«j  inteqrotinq  the  product  of  the  observed  densitij  p  and 
qeopotentkil  ^  in  a  vertical  column  from  level  2  through 
level  0  at  each  point  in  the  horizontal  qrid.  The 
maximum  value  in  each  plot  corresponds  rouqhKf  urith 
the  location  of  the  surface  hiqh.  Fiq  21b  shotus  that  a 
ridqe  of  hiqh  potential  enerqq  forms  in  the  Ohio  Uolleq 
as  a  trcMjqh  of  louf  potential  enerpq  forms  olonq  the 
front.  Fiq  21c  shcxus  that  this  ridqe  remcens  intact  at 
Oz28  while  the  trouqh  is  no  lonqer  evident.  The  frcmt  at 
this  tinte  has  now  nrxxved  off  the  qrid  to  the  southeast. 
This  increase  in  potential  erverqq  seems  to  be  due  to 
three  main  causes.  The  first  is  the  verq  cold 
temperatures  that  form  in  this  area  as  shown  before  in 


Fi^s  14-16.  THe  formciCion  of  this  cold  pool  umis 
discussed  eorNer  emd  tucis  IcirQeltj  due  to  stjnoptic  senie 
fotciffHI.  The  second  mciin  cause  is  illustrated  in  Fi^  22 
ujhic^  slicMus  the  vertical  uelocitt|  field  at  12z27 
computed  usinQ  the  Q-uector  form  of  the 
quasi-Qeostrophic  ome^a  equation.  This  plot  indicates 
that  this  area  of  risinq  potential  enerqq  uuas  subject  to 
fairlq  stronq  sqnoptic  scale  liftinq  apparently  due  to 
stremq  differential  oduection  of  cyclonic  uorticity.  This 
ujould  tend  to  irtcreose  the  potential  enerqy  by  raisinq 
the  certter  of  qrooity.  The  third  cause  is  illustrated  in  Fiq 
23  which  shows  the  aoeraqe  obserued  cross-front 
winds,  the  componesnt  of  the  ooernqe  observed  winds 
parallel  to  line  A-B,  at  0z27.  This  plot  shows  the  wirMis 
behind  the  front  to  be  16  m/s  while  the  frontal  speed 
was  11.6  m/s.  The  ratio  of  these  values  is  1.37  which  is 
in  aqreenrtent  with  that  found  for  a  density  current  by 
Simpson  C1969>.  The  resultant  converqence  con  also 
contribute  to  the  risinq  motion  of  the  area  and  thus  to 
the  increase  in  potential  enerqy.  It  is  Important  to  note 
that  althouqh  the  first  tu#o  factors  described  ore 
synoptic  in  nature  ar«d  seem  to  be  most  active  in  the 
Ohio  tfolley  durinq  all  three  time  periods,  the  lost  effect 
is  tied  to  the  position  of  the  front  and  therefore  moves 
with  the  front. 

The  next  fields  of  interest  are  the  AGEO  heiqhts 
and  AGEO  winds  as  described  in  the  variational  method 
section.  Fiqs  24a-b  show  the  nveraqe  AGEO  winds  as 
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FiQ  22  Quosi-i^eostrophic  oi  (<fpxclt>  colculoted  cit  850  mb 
12z  Jon  2T. 


Fi^  Longest  vector  Is  25.8  mXs 


FIqs  2<!ln-b  Contours  are  opeostrophic  fieiQ»>ts  in  meters, 
Porbs  ore  o^eostropbic  tutncis  for  OOz  Jor»  27  oncf  12z  Jon 
27  averoae  cross-section. 
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barbs  suporimposed  on  tbe  plot  of  tba  avrero^c  ACEO 
boi^bcs  for  Oz27  and  12z  27  raspoctKMtki-  FIq  24a  sbotas 
a  rMpa  in  rbe  ACEO  bai^bcs  at  the  front  uifith  a  trough 
just  behind  the  front  and  a  more  pronounced  ridQe 
further  back.  Fi^  24b  shouts  that  12  hours  later  the  ridye 
is  still  evident  behind  the  fronts  but  the  trough  has  noun 
moved  ahead  of  the  front.  It  is  speculated  that  this 
strong  rid^e  of  AGEO  heights  is  analogous  to  the  head 
of  a  pravit*!  current.  The  snrkciiler  ridpe  unhich  preceeded 
the  front  mat#  be  analogous  to  the  densitt#  surpe  at  the 
leading  etl^e  of  a  Qust  front.  The  AGEO  udnds  in  FiQ  24a 
shoun  on  incflrect  circulation  present  at  Oz27  uni-h  sinking 
motion  on  the  unarm  side  and  rising  motion  on  the  cold 
side.  This  pattern  is  recognized  os  beinp  frontopenetic 
because  it  tends  to  increase  the  temperature  pradient 
throuph  afliabatic  unorminp  on  the  unorm  side  and 
adiabatic  coolinp  on  the  cold  side.  The  AGEO  uninds  in  Fip 
24b  shoun  that  at  12z27  the  circulation  has  reversed  and 
noun  the  circulation  is  direct  and  frontolptic.  The 
reversal  of  the  AGEO  circulation  con  be  explained  bp  the 
interaction  of  the  AGEO  vortk^p  ^a)  unith  the 
diverpence  <0>  as  discussed  in  the  introduction.  Fip  25a 
is  the  averape  cross-section  of  for  0Oz27  and 
incficotes  that  since  the  rote  of  chonpe  of  D  follouuinp 
the  motion  of  the  front  is  propcxtional  to  ^a.  the 
resultant  forcinp  of  D  bp  ^a  at  QOz27  unHI  create 
diverpence  unhere  ^a  is  positive  behind  the  frcxkt  and  unill 
create  con ver pence  unhere  Ca  is  nepotive  ahead  of  the 
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frc30t  in  ch«t  louMr  I«bv«kIs.  Sines  rHs  pnccsrn  is 
rsvsrssd  in  tlis  uppsr  l€H.reis  tiMS  rsstsMiin^  dKMKr^snce 
pcfCrsrn  uuHl  bs  rs^^srssd  also.  Tbs  circulation  forced  b«j 
sucb  a  diuer^snee— conusr^ence  pattern  ujould  indeed  be 
that  exhibited  in  the  AGEO  uuinds  of  12z2T.  Therefore  it 
seems  that  although  in  the  first  time  period,  the  AGEO 
winds  are  CK^tirt^  frorktopeneticolhi,  the  AGEO  uorticittj 
field  is  acting  to  reverse  the  circulation  and  is  therebv^ 
limiting  the  fronto^enetic  process.  Calculations  of  the 
overage  Qeostrophic  deformation  near  the  front  also 
show  that  the  term  f^a  is  at  least  one  to  two  orders  of 
nrxi^nitude  larger  than  the  defornrxition  terms  in  the 
divergence  ecfuation  at  this  time.  Therctfex'e  it  seems 
possible  that  nxmi  indeed  be  a  controlling  factor  in 
the  fronto^enetic  process.  It  is  further  speculated  that 
the  direct  csirculation  found  in  the  AGEO  winds  of  12z2T 
is  analogous  to  the  roll  circulation  found  in  the  hecxl  of 
a  9ravit«j  current  bej  Simpson  C19G9>  and  Charba  C19Td>, 
shown  in  Fi^  2c. 

FHi  2Sb  is  the  overage  cross-section  of  the 
divergence  field  calculated  usinp  the  AGEO  winds  at  Oz2T 
and  shows  a  brood  area  of  converpence  throuph  the 
la«|er  near  the  front.  Comparison  of  25a  with  2Sb  shows 
that  near  the  front,  the  diverpence  field  does  indeed 
lead  the  ^a  field.  In  the  area  abc»ve  850  mb  at  BNA  the 
zero  line  of  runs  alnnost  directlc|  throuph  the  center 
of  the  4Converpent  area.  This  is  to  be  expected  because 
the  frontopenetic  process  is  already  strcxip  at  this  time 
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cind  a  strong  tiorizonccal  c«mp«rciCtjrc  prcHJient  olraodi^ 
•>cisCs.  According  Co  Ch*  ht^pocCtesis  of  OR  Cttis  pttose 
stiifc  bctCufeen  ctie  Ctxjo  fields  would  allout#  «n  existinQ 
front  to  exist  rekitiuehj  unclianQed  follouuin^  its  motion 
uuitti  providing  just  enough  influence  to  counteract 
die  other  terms  in  the  dioer^ence  equation.  In  the  laqer 
belouLf  850  mb  at  the  front  Cc*  1^  almost  180  deqrees  out 
of  phase  with  O.  Here  directly  opposes  the  stronger 
frontoqenetic  forces  present  at  the  front  near  the 
surface.  Note  also  that  the  difference  in  the 
ULiauelenqths  of  D  and  much  orcxitcM-  at  the  knuer 

leuels  than  at  the  upper  leuels.  This  suqqests  that  not 
only  the  phase  shift  between  these  two  fields  is 
important^  but  also  their  respective  wovelenyths  as  well. 

Fiys  28a-b  show  the  some  fields  for  12z2T.  At  the 
front  there  is  a  similar  pattern  with  ^n  and  D  far  exit  of 
phase  in  Che  lowest  levMfcl  while  closer  to  90  deyrees  out 
of  phase  hiyher  up.  Note  that  in  all  cases  the  diveryence 
field  found  in  Fiy  28b  correlates  well  with  ^a  from  the 
time  before,  shown  in  Fiy  25a,  foNowiny  the  motion  of 
the  front.  Behind  the  front  between  Peoria  CPIA>  and 
Salem  CSLO)  D  is  cKrectly  in  phase  with  ^a  which 
enhorxres  the  development  of  diveryence  in  this  area 
and  enhances  converyence  Just  northwest  of  PIA.  Fiys 
2Ta-b  show  the  same  fields  for  8z28.  In  this  time  perkxl 
there  is  converyent  area  centered  nt  650  mb  over  BNA 
with  the  zero  line  of  ^a  runniny  directly  throuyh  it  and  a 
diveryent  center  just  north  of  PIA  at  Che  some  level 
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FiQ  28  Infrci-recI  socelifce  photo  from  OOOlz  Jon  28,  1986 
shoujin^  hi^h  clotjcf  tops  neor  StO. 
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ULficIi  Cl  z«ro  Hne  of  running  direc^Kf  ttirou^h  it.  THis 
UJOtHd  indicciCe  Cticit  cifter  trlie  front  ticis  pcissed,  tKe 
influence  •xttrtcid  Imj  (o  on  D  diministies.  Tliis  pcittern 
seems  to  be  ocilidcited  b«|  the  scitellite  pboto^  Fi^  28, 
from  Oz28  uuhicb  sbouus  cm  areci  of  bi^b  c^locjd  tops  o^er 
tbe  cireci  of  c^onoerQenc^e  sboum  in  Fi^  27b. 

Fi9s  29ci-c  cire  tbe  cioern^e  c^ross-secrtions  of  tbe 
AHVO  temper ntures  for  Oz27,  12z27,  and  Oz28 
respectioeitj.  As  stated  earlier,  tbe  AHVD  temperature 
represents  temperatures  tbcit  are  unbalcmced  uiitb  tbe 
^eostropbm-bifdrostatm  state.  Fi^  29a  sbouis  a  bi^b  in 
frcMit  of  tbe  front  uibic^b  sicspes  bock  ouer  tbe  frontal 
zone.  Tbis  feature  macj  be  caused  bcj  tbe  stronigi 
subsidence  evident  near  tbe  front  in  Fi9  24a  and 
subsec^uent  entrainment  of  this  air  into  tbe  frontal  zone. 
Entrainment  of  air  from  tbe  uuarm  side  into  tbe  frontal 
zone  is  predicted  btj  the  uiork  of  Sanders  C1955>  and  is 
discussed  further  in  tbe  foNouiin^  section  on  inertial 
instcibilitt|.  Tbe  presence  of  tbe  bi^b  cit  tbe  front  is  also 
cmaloQc^us  to  tbe  thermal  rid^e  reported  to  accomponci 
oust  fronts  bt|  Cbarba  (1974>  and  Mitchell  and  Hovermale 
C1977).  At  tbe  708  mb  level  there  is  a  stratified  laijer  of 
louj  temperatures  capped  b«|  a  lcH|er  of  bi9b 
temperatures.  In  Fi^  30b  tbis  pattern  is  seem  to  move 
uiitb  tbe  front  revealing  a  break  in  tbe  kii|er  of  lou# 
temperatures  uiitb  a  bipb  directlii  beloui  tbe  break.  There 
seems  to  be  a  correkiticm  between  the  AHVO  temps  here 
and  tbe  stobMitij  of  tbe  atmosphere  sincMS  tbis  break 
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Figs  29a-b  AHVO  tremperoture  ovvcM'oge  cross-section  in 
Celsius  for  OOz  Jnn  2T  and  12z:  Jon  27  respectioelg. 
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occurs  in  Che  oreci  of  sCron^  rising  motion  emd  htph 
cloud  Cops.  This  is  also  an  area  in  udtich  9raoic«|  current 
studies  indicate  a  mixing  zone  behind  the  head  as 
shoujn  in  Fi^  2c  from  Charba  (19Td>.  This  mixing  douin 
of  the  uiarmer  temperatures  from  abooe  ma«j  also  be  a 
possible  explanation  for  the  break  in  the  laijer  of  low 
temperatures  at  the  700  mb  leuel.  Fi9  30c  a^ain  shows 
the  pattern  to  be  very  persistent  as  the  pattern  is 
almost  unchanged  follouLfir%9  the  motion  of  the  front. 
Further  behind  the  front  in  Fi^  29c  the  pattern  becomes 
stratified. 

Inertial  InstrabHitcf 

Holton's  refererxie  text  on  dtinamics  (1978>  states 
that  inertial  instobilittj  is  present  urhen  the  oeostrophic 
absolute  uorCicit«|  <i^ab)  becomes  ne^atioe.  This  irvertial 
instabilit«|  will  result  in  horizontal  mixing  until  the  area  is 
aQoin  in  a  state  of  inertial  stabiliti|.  This  relation  is  pioen 
btj  the  expression 

^ab=  f  Geostrophic  Relotiue  Uorticit(|  C^9) 
^ab<B  f-«-(cK/^/dx-du^/dij> 
where  if 

^ob  >0  the  atmosphere  is  inertiaUij  stable 


-e 

neutral 

«o 

•• 

-• 

unstable 

where  f  is  the  Coriolis  parameter  and  Uq  ar»d  Uq 

are  the  components  of  the  geostrophic  wind.  Since  f  is 
alwai#s  positive  in  the  northern  hemisphere  we  can  see 
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Fios  30o-c  Ceostrophic  relocii^e  c^orticitt^  scoled  b(| 
1.0E-»-05  in  s~^  for  OOz  Jon  2T. 
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31C1-C  GeosCropbic  cibsoluCe  crorCiciCiij  scoled  b«j 
l.eE-t-85  in  s“*  for  OOz  Jem  2T. 
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Cttoc  ujherc  cIm  ^9  is  VMQCitK^s  we  liciv/e  Che  possat>ilic«|  of 
ioerCicil  insC(ibiliC«j.  Fi^s  30a— c  show  Che  ploCs  of  Che  C9 
for  Oz2T.  Here  we  see  Choc  01009  Che  fronCol  zooe  oc 
Che  eclQe  of  Che  cold  pool  Csee  Fi9  6>  ^9  is  indeed 
ne9nCioe  ond  of  Che  some  order  of  mn9niCude  ns  f.  Fi9s 
31n-c  ore  Che  ploCs  of  ^nt>  os  described  nhooe.  Fi9  31ci 
shows  choc  oC  850  mb  chere  is  n  brood  bond  of  low 
oolues  of  Cob  01009  the  froncol  zone  followed  b9  on 
oreo  of  hi9h  onloes  of  cctnCered  ooer  EnsCern  lowo. 

From  Chis  ic  is  eoidenc  choc  oC  Che  850  mb  leoel,  Che  Cob 
is  neorhj  on  order  of  mo9nicude  less  on  Che  worm  side 
of  Che  fronc  Chon  on  Che  cold  side.  This  poCCern  is 
evridenc  in  oH  Chree  leoels.  Since  f  is  consConC  in  a 
oercicol  column,  ond  Che  9eoscrophic  wind  increnses 
olon9  Che  froncol  zone  due  Co  Che  Cher  mol  wind  reloCion 
Chese  mo>cimums  or>d  mininMwns  prow  rrtore  inCense  wich 
heiphc  indicncinp  nreos  of  nepocKre  Cob  near  Che  fronC. 
These  ploCs  indicoce  ChoC  Che  oreo  jusC  Co  Che  worm  side 
of  Che  fronc  is  inerCioll«|  unsCoble  cousinp  horizonCol 
mixinp  and  Chus  enCroinmenC  of  worm  air  inCo  Che 
froncol  zone.  Becouse  chis  mechonism  produces 
encroinmenC  onl«|  on  Che  uKirm  side  of  Che  fronc,  Chese 
resulCs  ore  in  c|uoliCaCiue  opreemenc  wiCh  Chose  presenCed 
bp  Scmders  C1955>.  These  resulCs  ore  also  supporCed  bp 
Che  poCCern  of  hiph  AHVO  CemperoCures  excendinp  olonp 
Che  froncol  zone  in  Fip  29o. 


CHAPTER  Ul 


COMCLUSIONS 

Connporison  beCuueen  the  front  nssocicited  luith  ci 
CAO  cind  <1  mesosccile  ^ust  front  is  hompered  b(j  the 
o\rerujelnr«in9  difference  in  scnies.  The  CAO  is  so 
obvriousivj  domlnnted  b«j  stjnoptic  fcMrcinQ  thnt  It  Is 
difficult  to  see  the  sinrdlcirltles  cind  perceiue  the  subtle 
t^et  importrmt  effect  the  ^rciuiti#  current  con  houe  on 
this  feoture.  A  9ust  front  has  o  spotiol  and  tenrkporol 
scale  that  does  not  aHour  the  effects  csf  the  earth's 
rotation  to  be  manifested  to  an«|  larpe  decree  so  its* 
9ravMt«|  current  aspects  can  be  seen  in  the  observed 
fielcSs.  Thus  the  hec«d  of  a  Qust  front  is  seen  as  on 
elevated  area  of  hl^h  densitif  air  moving  behind  the 
front.  The  head  has  a  roM  crirculation  in  it  udth 
considerable  turbulence  and  mixing  evident  in  the  upper 
levels  lust  behirxl  the  elevated  head.  In  the  CAO  case  it 
has  been  shoujn  that  behind  the  front  there  also  exists 
on  elevated  area  of  hiyh  densitij  air  uihich  exhibits  itself 
as  a  rid^e  in  the  ACEO  height  field.  This  riffle  also 
travels  urith  the  front,  keeping  the  same  orientation.  It 
has  been  shotun  that  a  roll  circuloticm  fcx-ms  u«ith  the 
CAO  front  exhibited  in  the  ACEO  ujinds  that  moves  in  the 
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scime  sainss  cis  roll  circukirioci  in  che  oust  front  heod. 

TIm  AHVD  t*mpnrcBturc  field  pioes  evmd«knce  of  tl«e 
existence  of  both  cm  cireci  of  mixing  behind  the  heewf 
nnd  the  presence  of  ci  thernrtcil  rid^e  cit  the  lendinQ  ed^e 
CIS  is  evident  in  the  9ust  front  ccises  presented.  In  the 
CAO  cose  these  fecitures  cire  evident  not  in  the  observed 
fields  CIS  is  the  ccise  of  ci  9ust  front,  but  in  the 
component  of  the  c>bserved  fields  that  is  unbalanced 
with  the  Qeostrophic-hcjdrostatic  state. 

As  stated  earlier.  Hoskins  cmd  Brethenrton  (1972> 
shcMued  that  a  front  ccaukt  be  formed  ushiq 
semi— Qeostrophic  thecxii.  but  the  mechanism  for 
ccxitroOin^  the  fronto^enetic  process  was  incomplete.  OR 
showed  mathenrxicicallii  that  the  a^eostrophic  vorticiti^ 
ccMJid  control  this  prexsess  thrcxi^h  its  relative  position 
arxl  strength  with  respect  to  the  divergence  field.  The 
results  of  this  cmak^sis  seem  to  support  this  thecxij.  OR 
speculated  that  ^ravitij  uxives  mi^ht  hove  a  role  in  the 
positioning  of  the  divergence  field  while  the  vorticitcj 
field  mcM|  be  controlled  b<|  the  synoptic  system.  Indeed 
the  osciflatcM-y  nature  of  the  diveryence  field  suyyests 
that  yrcivity  waves  nrxiy  hove  cm  impc»rtant  role  here. 

If.  however,  the  existence  of  yrovity  cwrrent  effects  are 
presumed,  as  the  evidence  suyyests.  a  simpler 
ccxntrolliny  mechemism  may  be  implied. 

As  the  front  forms,  it  has  been  shown  in  this  case 
that  the  potential  eneryy  rises  behind  the  front.  This  rise 
in  potential  eneryy  is  due  at  least  to  the  denser  air 
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iMkhind  eiMB  front  but  nncM|  also  be  due  in  part  to 
siinoptic  scale  KftinQ  and  convergence  in  tbe  loujer 
levels  as  in  this  case.  A  pressure  Qradient  forms  due  to 
this  denser  cfir  urhtch  is  pcirtialKj  balanced  btj  the  coriolis 
force.  As  the  front  ^ets  more  intense,  the  pressure 
Qrodient  Qets  stronger  ujhich  maij  bctcome  unbalonced 
ujith  the  Qeostrophic  state.  Mhen  this  occurs  provitij 
current  features  form  in  the  a^eostrophic  components 
as  the  results  here  indicate.  As  this  current  pushes 
outufard  it  carries  uuith  it  the  chorocteristic  convergence 
presertt  at  the  leading  ed^e  of  a  densitij  current.  Since 
the  9ravitt|  current  cannot  influence  the  vorticitii  field 
because  it  is  bosicalltj  irrototional  in  the  horizontal 
plane,  this  convergence  then  outruns  the  apeostrophic 
vc»rticit«|  field  cousira;^  the  phase  shift  recfuired  to 
bolartce  the  fronto^ertetic  process.  There  is  evidence  of 
this  overrunning  in  Fi^s  24a  ond  24b  which  show  that 
although  the  ridQe  in  the  AGEO  height  field  shows  no 
oppreciobie  movement  with  respect  to  Che  front,  Che 
Crouch  that  was  |ust  behirkd  the  front  in  Fi9  24a 
becomes  more  intense  and  moves  just  ahead  of  the 
front  in  Fi^  24b  12  hcsurs  later.  Also  the  observed  phase 
shift  between  D  and  ^a  is  greatest  in  the  lowest  levels 
as  one  would  expect  if  the  Qrovitti  current  effects  were 
forcing  the  phase  shift. 

The  idea  of  a  provitij  current  exhibiting  itself  in 
a^eostrophic  components  is  one  that  would  be 
impossible  to  hold  without  this  tijpe  of  orxitajsis.  Onltj 
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*>  t:«kclini<yije  ClmC  cilloujs  both  the  heights  cind 
udnds  to  adjust  to  the  ^eostrcaphic  stote  con  cm 
o^eostrophic  height  field  he  defined.  The  inclusion  of  this 
C|uantitij  into  our  anali|sis  opens  up  nrkantj  possihilties  for 
forming  and  testinQ  htjpotheses  such  as  the  one 
presented  here.  The  proof  of  the  existence  of  such  a 
9rauit«j  current  is  bt|  no  means  complete  in  this 
investigation.  A  further  variational  technique  ujould  be 
rec|uired  for  this  uuhich  utill  be  discussed  in  the  future 
research  section. 


CHAPTER  UU 


FUTURE  RESEARCH 

In  orci«r  Co  mora  nccurcvCttlij  inoAsCi^ciCtt  Che 
hvjpochesis  formed  during  Ctiis  in^/esci^ciCion  cinoCher  filcer 
could  he  deriued  usin^  Che  some  \>nriocionnl  cechnique  ns 
used  here  choc  ujould  excrncc  che  qrauictj  currenc 
componenCs  from  Che  ACEO  compooencs  already  found. 
This  UKMjId  rec|uire  Che  ctevMclopnrkenc  of  a  simplified  sec 
of  equocions  choc  could  describe  chis  componenC  and 
Chen  Che  consCrucCion  of  o  funcCiohol  usinq  these 
equations.  There  are  several  interestinq  c|uescions  that 
miqhc  be  ansuuered  in  Chis  u#a«|. 

The  first  most  obvious  question  is  that  of  Che 
exact  nature  of  the  qrovitq  curr.tnt  interaction.  l>4ithcxjC 
chis  tqpe  of  onolqsis  ic  uiould  be  impossibie  to  prove  Che 
exiscef>ce  of  such  effects.  Other  possible  avenues  of 
research  urould  be: 

Do  these  effects  occur  onlq  in  CAO  tqpe  fronts  or 
are  cheq  a  siqniflcanC  factor  in  all  frorXs? 

Mhot  is  Che  cause  and  exact  nature  arxl  effect  of 
the  vorqinq  uxivelenqths  found  in  the  diverqetxre  and 
AGEO  vcx-CicHtq  field? 

Are  there  sub-sqrx>ptic  forces  urhich  act 
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si^fiificcwtdtj  on  tlie  ACEO  oorticiCtj  fidd,  or  is  it.  n^koscl^ 
forcnd  btj  s«|nopric  st|sc«m  ns  supposed  Im|  OR? 

I'Jhnt  orn  cbn  nxcicC  piMjsicol  inCerprdntions  of  tbn 
AGEO  and  AHVO  conrtponents?  IxJhcit  am  Che  effects  of 
altering  Che  fifcerin^  process  and/or  se<iuence? 

These  are  onlij  a  few  of  Che  ciuescions  raised  h«j 
this  inoesci^acion.  Hopefullij  this  project  maij  hav/e 
sCimulaCed  Interest  in  this  t«jpe  of  onoh^sis  so  that  more 
of  them  ma«|  be  pursued  in  the  future. 


BIBLIOGRAPHY 


B€!ninmin^T.B.A9SBiGrtnjittf  Currents  Ofid  PeicHrerf 


.  J.Fluid  FtecH.^Bl.ZBl-ZdB. 

m^«s«jr<»nr>^ot:a  or>  Undcrcmciim  Cold 
.ate.  QucM-t:.J.R.MeC.Soc.,8d.l-i5 
CHcift»€i-J-A.-lS7d;Applig:<H:i<30  af  Grn^jitrt^  C^rrggit:  Ldoitel  to 

Qf  S«yCTM  ti>»^  Ct>gt  FrofUi-  MMR,  1B2,14B-15G. 
CtM€mQ.C.P..«C  cil-l^a3rCrci\#itot:iofi«l  CHcircict^  of  Cold 
Surtpms  Ourin^  l-Mntrmr  Monm»€^  MHMR,lll,293-3eT. 
CI<irlc^-R-H--l^l;Mt^»c»»t:rm?Mrit  of  Prtf  rrtld 

F»cH:ur»li»«  T^rrciig^.  JcMJrncil  of  M«C«or.,U18 
Ho6^T15-T35. 

Ool«|.J.  ond  ProcttC.L-l.,19G8;£||jmiuJcxii-SKUClW— OC— OsnsaLw. 

Suf^mm.Thm  PtM|sics  of  FkMds,ll-l,15-3B 
HcilLin«r,C.  emd  L»liUi€im«-P--t^a8J<4im^icol  Pr^dioticMi  cw>d 
P*M^*»grt*g  r’tet^Qrolo^tf-  MWeij  cmd  Soos.  299-310 
Hc»ltoo-J.R.-19T9A^  lntcQdMC!*lg>r»  to  Pyr^fimir- 
fr-tiBKagM-Qlo^t/  A<-od^mic-  Pr«ss,p215-216. 

Hoskins^B.J.^cmd  Br4BCh«rCon,F^.,19T2  TiAtn^ospIxario 

Frantra^nm^iw  Mod^^ -F-torti^mciticfil  FormolciHcin  nod 
SoUjtiQO  JAS.29,11-3T. 

MCTrt:io-H-G--1973rScim^  0»>«atf of 

T2 


73 


of  Dfi^  Colrf  FrootLS. 

JAn.12.658-663. 

MfCCtieH^K.E.,  C10<1  I  n  1^77-0  Munrt^f iocil 

InuesCiaocion  of  tHe  Seoere  Ttiundersfornn  Gusi 


Frotit  -  MWR,105,657-675. 

Orlcinski^l.  ond  Ross-B..198^--Tf>e  Ecyolution  of  cir> 

Qbsgrcf^d  Cold  Froot,  Port  lliMesosccile  Dt^ricinrtii 
JAS,<41-10^1669-17e3 

Sciodcfg-F--19S5:Afi  loo^stipotJoo  of  tb^  Strocturg  cm 
Dtjocmnics  of  citi  Sorfoc^  Frootol  Zoog, 

Journcil  of  MeCec»r^l2^W2-S52. 
ShCTpiro.t-1-A.-198^--tdgt»orolopiocil  Tr^f^r 

Mgcisormrogofs  of  n  Surf  no  i»  Cold  Froot, . 
MMR,112.163d-1639. 

Sinnpgon-J-E.-19fe9--A  Ccxnripfirisort  l-nhorcHiori/ 

cid  fttmo^pb^fic  Corr»giti^- 

QucirC.J.R.f’1«»C.Soc.^  95,758— 7bS. 

SMTiip«oyi  J  E--1972;Fffg>«~r<t  of  rtiia  Lotoiar  BoModcirt/ 
Condition  on  tfig  H«nd  of  n  Crcivpitri/  Ciirr^ot.. 
J.Fluid  M*ch.,53,759-7S8. 

Ucc«ninlA.H.-1975if»  Cnsg  Stodi/  of  Crcioiti 

Initiotlon  of  Con^actio^  Storms. 

Mi-BI,103,497-513. 

l^lii€inn»,R  T.1987:fttnr»o«pb^in  Frontopgn^gisi  ft 
E^tp^i-jm^nt-,  JAS,24,627-64t. 
t^itlionr^s,R.T.,€tndPlotl<in.J.,1968;Ounsi-CeostfOptliC 
Front o^»n^i;iic  JAS,  25,201-286. 


APPENDIX  A 


MVDBOSTATIC  FIETEB  FINITE  DIFFERENCE  FORM 

THe  ^erticcil  coordincire  for  ttie  ht|clrost;at;ic  filter  is 
the  I09  pressure.  Flhere  R  is  the  qos  constcint  for  drtj  «ir 
and  PL  is  the  pressure  in  mb. 

P=-RLN<PLy<'ieOQ) 

The  functional  for  the  hijdrostatic  ecfuation  in  finite 
difference  form  is  EQN  1> 

0C(  Tjjic-Toijk  )  ^P(  4*  Oijk  ) 

•<4>iik+l^l|k-l>^2AP  -  Tj|,^)]Ap 
ULfhere  «  is  the  error  module  for  T  and  is  the  error 

module  for  4'  These  error  nrkodules  ore  defined  ns 

I/CTj-Tq)^  uuhere  is  the  orrtue  of  T  nt  this  iteration 
and  T0  is  the  oohie  of  T  at  the  last  iteration.  All  error 

rrkodules  CBre  of  this  form.  These  error  modules  ore  also 
called  ■'■eights  and  ore  reconrtputed  upon  each  iteration. 
The  u<jlue  of  these  uucM^hts  con  alter  the  final  uolue 
after  the  filtering  process.  The  effect  of  chonpin^  these 
uueiQhts  Is  handled  in  the  text.  A.  is  the  lo^ron^e 

multiplier  for  the  constraint.,  HkJ  C1980>  The  subscripts  §  | 
1^  indicate  the  ^ridpoint  in  x  and  P  respectiuelt^. 


T5 

Me  ujcinc  to  minimize  J  .  ULvhere 
8>-6y>t-S^ 

from  S  j  J=0  ULie  ^et 

20C(Ti||^— To|j|^)S  T-A.jn^  T=0  but  6  T  is  smnll  nnd 
cirbil:rcir(|  but  not=0 
so 

EQN  2>  Tij,^  =Knu/2a  +  Toijk 

From  8<^J=0  uue  Qet 

P  (  4*  ijk"*^  **m<)  ^■*(  ‘^'•^k)  C 

(4*  ijk+l'*^4*  ijk+1— 4*  tjk-l~^4’  iik-l>“^ijk) 

~P( 4^  ijk“4^  Oijk)  ^“^ijk( ( 4^  ijk-rl~4‘  ijk-l) P-Tijk)  ]  A  P  =0 

Combine  terms 

Neylect  terms  of  order  (8  nnd  use  inte^rntion  bt| 
ports  to  9et 

^P(4*  9k~4^  <^ijk)^4>  Hk‘*'^jk(S4>  Ijk+l^S^*  ^k-l)^^  P=® 

InteQrotion  btj  ports  Qioes  us  tbe  boundorti  condition 
tbot  8A.=0  on  tbe  boundories. 

Expond  tbis  for  1=1  to  9  ond  use  tbe  foct  tbot  is 

smoll  ond  nrbitrnr«j  but  not=0 

2P(4>ijl~4>«>ifl)— ■^ijZ^APg  1=0  k=l 

2p  ( <t>  i|y~4>  Qtj?)  "♦“(  0“  ^ij3)^AP3  1=0  k=2 

t’i*k~4'o^|J-(A,in^^l— A.m«_i)/AP|t^l  I<._1  =0  k=3,7 

•  '  t  „„  4oi,a''-(  0-  ^n7)^^P9,7  =o  *<=8 

:  t  -\^o^A  Pg  8  =o 


k=9 


Mote  clMiC  Che  finite  deference  form  forces  us  to 


trecst  Che  eciucvtions  differentltj  nenr  the  houndnries.  From 
this  ULfe  9et  EQN  3>  For  l<=2 

?V.3/2pAPC  +  4>02 
EQN  For  l<=3,T 

4^l<= 

EQN  S>  For  k=8 

^  0=  — A.-y/2P  A  PC  +  ^  O0 

The  boundarij  condition  thot  ^.=0  cit  level  1  cind  9  hcis 
been  incorpornted  into  these  equntions. 

From  5^J=0  uje  <|et 

EQN  6)  ((<<>ijlc+I-4>iik-l)^AP-Tiik))SA.|jk«0 
The  ori^incil  constrciirM: 

For  eose  of  notcition  uL»e  will  use 

^»>C=Pk^^l-Pk_i 

APF=PK+2-Pk 

Apb=p„-p,^_2 

APHT=P|^-Pk_i 

APHB=P,c+l-Pk 

From  these  uje  solve  for  T  nnd  4^  in  terms  of  To 
cind  o  cind  A.  to  9et  on  expression  for  A.  btj  substitutinQ 

EQNS  1— into  the  ori^inof  constrnint  EQN  S>.  l*4e  uuill 
drop  the  subscripts  j  j  since  nil  operntions  in  the 
folloujin^  expressions  nre  performed  over  nH  i  j. 


L 


TT 

~  (A.|j— ?L|^_2)/2PApbApc 

+(<t>0|«*l-<|>0|<_i)/APC  -.\|^^0C-TO|<  =  e  For  k=3,T 

urtiicrt  simpliries  to 

For  k=3.T  EQN  7) 

[  A  pfA  pc-»7i.|<_2/2p  a  pbA  PC-f{4>  o|<+i-<|>  0|<_i)/'A  pc-to|J 

1/ZpAPFAPc  +  IMpAPHBApc  +  1/20C. 

For  k>=2  EQN  8> 

^k  ~  [A.|^^2/2pAPFAPC  +  (4>0|J^1— 4>0|^_|)xApC  -  TO|J 

I/ZPApfApc  +  1/4PAphbApc  +  l/2oc 

For  k-8  EQN  9> 

^k  =  [A,|<_2/2pAPBAPC  4-  (4>0|^^1-4>0|5_i)^ApC  -  To|J 

1/2PApbApc  4-  IMPAphtApc  4-  l/2cc 

Once  the  oppropriote  \  is  found  tue  cnn  ccilcuinte  T  nncS 
from  EQNS  2-5). 


CEOSTROPHIC  FILTER 

There  ore  tujo  functionnis  for  the  ^eostrophic 
constraint,  one  in  u  and  one  in  u.  These  functionals  are 

J1  in  u  and  J2  in  u.  OC  is  the  error  module  of  u  and  u 

and  P  is  the  error  module  of  uthere 


OC  *ty^(u~uoy^  P  o)^ 


T8 

EQN  lO) 

J1^^^CC(  U}i|-uO|j|)  i|f~4*  °ijl)  ^ 

*XJi  f  i^(  4>  i§-id  m)  ]  A  >cA  ij 

EQN  11> 

J2=5L^j[CC(  Vijlc-«JOij|c)  ^+P(4)  ij|<~4>  Oijk)  ^ 

♦A  j;  f  4)  i4.iji(-4>  i-ijk)  x)  ]  A  xA  M 

8ji=6^ji  -fr  8uJi  S;y^uJi=e 

Sj2=^^J2  +  8^J2  ♦  S;>y^„J2=o 

so 

^4*  ij)^^  4-f-l  ^4^  ij— l)'^A  m]  A  xA  ij 

8  ^  J2=Z  2p  ( 4>  i|-4>  o  i|)  8  4>  ij-Av|^  8  4)  I+IJ-S  4>  j_ij)  /2  A  x]  A  xA  »| 

8  ^Ji— 21  jZ1^2oc(  U|j— uoj|)8  u||^Au{|f6  u^]  A  xA  %4 
6^J4^21|21^2oc(  \/|j— ooi|)8  0|j-i-Ao|if8  vij]  A  xA 
8  ^,jji=21  8  Au|^  f U(j4-(  ^-ff-i  4^  if /2. A  ij)  J  A  xA  ij 

Sa,vJ^21|?:^8  Avj^  fvij4-(4>  i♦lj-4»  i-ij)^A  x)]  A  xA  M 

Afc«»r  setting  cli«s«  to  z«ro  nncf  expondinQ  ecicft, 

Chen  recombining  terms  cis  uue  did  in  Che  htjdroscocic  cnse 
ULie  QeC  these  toorkin^  equnCions.  Aqciin  ute  hcioe  used  the 

fcict  thnt  oil  8  qunntities  ore  smoll  ond  orbitrorq  but  not 

>0. 

From  S|^J1=0  uie  qec 

EQN  12)  U}j=uo||— (  f/2oc)  Au|j 
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oimI  similcM'lti  from  8  ^J2=0  u«e 
EQN  13)  v^=oo|j-(f/20C)A.Vjj 

These  hnvre  no  boundcirt#  problems. 

Mhen  toe  doB^Jl  cind  8^J2  toe  must  nccount  for  the 

I  • 

differences  ot  the  botjndaries  becouse  of  the  deriocitioe 
of  <)>  in  tj  ond  x.  To  do  this  toe  torite  out  the  expressions 

for  8^11  for  ecich  possible  J  nnd  soloe  for  In  ench  cose 

this  9ioes  us  5  possible  equcitions  for  4^  depending  on 
tohich  roto  toe  ore  in. 

EQN  Id)  4)  |i=+(  1  /4p A  t|)  A.Uj2  +4>0  II  for 

EQN  15)  4>k-+(1/4PAm)A.U|3+4)0|2  for  J=2 

EQN  16)  4*1, - (l/4pAtj)(A.Uj|_i  -Auij.^0  +4‘Oij  for  j=3,n-2 

EQN  IT)  4>  in-l““(  1  ^  m)  ^«in-2  O  in-1  for  j*n-l 

EQN  18)  4^  jo=— (1/4PA  tj)A.u|o-i +4*0  in  for  j*n 

Ide  con  do  the  some  operations  for  8^12  to  Qet  a  similar 

equotlon  for  ^  ^  for  i=l,m-2 

EQN  19)  4>l|— (l/4pAx)(A,V|.^l|  -Au|_ip  +4>Oij 

Noto  toe  pluq  the  equotlons  for  u  ond  4>  into  the  et|uotion 


for  tohich  is  the  qeostrophic  constroint  in  u. 
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[8A.ti|j  [  fuojj— (  f*/Zcc)AA*j|+-(— l/4p A  ij[ A-uy— 0|j^j 

— 1/4PA i|  [— A.tj||_jr+A.tjj|j— 4* m)]”® 

o=Cf«c>ij— f  ^A.tj||/2.oc— 1  /Bp  A 
(4>  oii*i-<t>  oij-i)^A  m] 

l*Je  con  solvre  this  for  A.U|j  such  thnt 

EQN  P0)  A.Uj^[2ocP(2A  m)  fuO||-f-(  A.U|i^2^A.uy_2)/2.p(2A  »j)  ^ 

+(4*  oy_|)/2A  ii]/(  f^(2A  gi)  ^2oc) 

This  o>cprttssion  gioes  A.Uii  in  t*rms  of  A.U|i  oc  oCh*r 
locotions  nn<f  knoujn  cfucfncitics.  soloe  this  iterntiodg 

usirtg  th«  motlifieci  Neujton— Rothson  irMSthod. 

The  derivotion  of  the  ec|uotion  for  A.uy  is  totollg 
cinologous  to  thcit  of  A<U||  <in<J  yields 

EQM  21)  2ocP (  2A  x)  ^''i+2|^^'^i-2p (  2A  x)  ^ 

-t-(4^  4>  oi_i|)/2A  x]/(  f^(  2A  x)  ^2c3c) 

OC  nnd  P  ore  recomputed  upon  eoch  iterotion.  First  A.u  ond 

A.<u  ore  computed  ond  then  u  u  nnd  4^ .  The  f inol  unlues 

ofter  oil  iterotions  of  u  o  ond  4>  ore  then  the  geostrophic 
components  of  these  quontities. 

EXTERNAL  MAUE  FILTER 

This  proprom  uses  the  continuity  eyuotion  to 
exclude  any  externcil  provity  ujooes  from  the  final 
components.  The  functional  for  this  filter  in  finite 
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dirrerence  fornn  Is 

EQH  22>  u-uo)  v-vo)  ^  A  P  + 

“i-i-ljk-^i-ljk)^^  X  ■♦-(  m)  A  p] A  >cA  i|=8 

I  uuill  drop  oM  subscripts  except  tbose  tbcit  ore  used 
in  finite  difference  colculotions  since  it  is  ossumed  tbe 
sums  90  ouer  nil  points.  Also  since  the  constrnint  is 
independent  of  P  uje  r«eed  to  keep  the  inte^rol  in  the 
constrnint.  If  uje  expnnd  this  functionnl  usinp  uorintionol 
cniculus  uje  9et 

Z[(u4-8  u-uo)2+(^  u-uo)  *1Ap 
+(  A.+8  A.)  51[  (  U|^|'»8  «i^i-U|_i-8  Ui_|)  /2A  X 
H  ''j-n-'^Oj+i)/2A  *|]A  p 

— Z[  (  u-uo)  v-vo)  ^  A  P— A21[  (  0|.^l-0i_l).^A  X 

+( u|.^j-vj_|)/2A  9]  A  p*0 

Ne^lecrt  terms  of  order  <8  to  pet 

2L(  u-uo)8  u-»-2(  v-oo)8  vh-A21[(8  Uj^j— 8  ui_|)/2A  x 

+(8  Vj^-i— 8  V|_|)/2A  i|]  A  p 

-♦-8  A51[(  Uj.^1— U|_j)/2A  x-l-(  Uj_|)/2A  9]  A  A(  )"*8  9iues 

the  ori^innl  constrnint 

^p[(  “l♦I-“l-l)^A  x+-(  V|^i-V|_j)/2A  m]  A  p»8 

8  u(  )  =0  9iues 

2(  u-uo)8  tr»-AXp[(6  Ui.^1— 8  U|_j)/2A  x]  A  P*0 

If  we  uxite  these  out  for  nil  possible  i  we  9et 
[2(  Uj-UOj)  — A.2/2A  x]S  Uj*0 

[2(  02-002) +(A.i-A.3)/2  A  x]8  02^0 

[2(«i  -00  §)■•■(  ^-i^^+i)^A  x]8  oj=0 
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Frc^m  Cftis  tJi««  9*C 

EQN  23)  U|*C^*i_i-^l+l)>'^  x-MjO| 

ond  similarltj  uie  9At 

EQN  2^)  V|=cA.|_£-A|^j)/dA  «|4-«.M3ij 

Me  pltJ9  CHese  into  the  constrciint  eciuntion  to  pet 

^  p[  [  (  ^r~^i+2)  ^i— A  >c—  uo|_|J  /Z  A  x 

+[( A.J— p-i/o|_|j/2.A  p]  A  p=o 

B«|  reorrcmpinp  terms  we  can  solve  for  A.||  in  terms  of  A. 

at  other  positions.  Since  A.  in  this  case  is  not  a  function 
of  P  we  con  remove  it  fron  the  sum  to  pet 

EQN  2S)  ^l]^C(^i+2r^'^i— 2}^  2)  ^  x^/Z(  A  x^+A 

— 2/P5  21p[[(  UOi^l-UOj_|)A  ir»-(  VOj.^£-VOj_i)A  x] 

/(Ax^Ap^jAP  Mhere  P*  is  UpAp 

Here  opain  we  pet  A.  in  terms  of  Icnown  quantities  and 

other  A..  Me  con  solve  this  iterativelp  as  before  then 
compute  new  values  for  u  and  v  at  each  iteration.  Note 

that  cilthcKfph  K  is  used  os  the  laprnnpe  multiplier  in  aH 
three  filters^  thep  are  different  in  all  three  cases  and 
completelp  independent  of  each  other. 

CniESSPIAN  ANMVSIS 

The  weiphtinp  functicm  is  defined 
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Ul=f  POI2-DIC2  for  DK2<ROI2 

CROI2-t-DK2) 

tjuhcre 

ROI2sROI  squcirecf 
DK2=DK  squcired 

DK=  the  qrecit  circle  distavM^e  hetujeen  the  qridpoint  end 
the  stetion  locetion. 

ROI=  Rodius  of  influence  set  cit  495  kn«  initicillq  nnd  then 
reduced  hq  lOX  on  ench  successive  pnss.  The  vcilues  of 
495  km  cind  lOX  ujere  found  to  he  optimcil  bq  testinq 
different  vnlues  ond  checkinq  the  stntion  residunis  at 
each  pass.  The  station  residual  is  the  difference  betujeen 
the  actual  station  value  and  the  value  found  bq  usinq  the 
some  Cressmon  scheme  to  interpolate  the  qridpoint  values 
bac^  onto  the  station  locations. 

If  DK2>ROI2  then  the  weiqhtinq  function  is  set  to  0. 
Gridpoint  values  are  computed  bq  addinq  the  contributions 
from  each  station  tuithin  the  radius  of  influence  bq  the 
formula 

^lue>  Zm  Z 

Here  the  sunrtmation  Is  over  all  stations^  Z  is  the  value  at 
each  station  and  is  the  tueiqhtinq  furtction  for  that 
particular  qridpoint  and  station. 

This  onalqsis  uses  four  successive  passes  of  the  Cressman 
scheme.  The  proqrom  tuill  not  ollotu  the  Radius  of 
Influence  to  be  decreased  so  far  that  onq  qridpoint  is  out 
of  rar»qe  of  all  stations.  If  this  occurs,  the  Cressman 
scheme  is  run  aqain  udth  the  some  rcidius  of  influence  as 


the  lost  poss  so  Chcit  aH  fields  uulU  tiooe  Cite  some  camouot 
of  smooching  initerent  in  Cite  nnciltfsis  done  Co  Citem.  This 
did  ocetjr  in  sonte  coses  ItuC  nev^er  eorlier  in  dte  process 
Chon  Che  fourch  poss.  The  decreose  in  Che  sCoCion  residuols 
front  successive  posses  tuos  checked  in  oil  coses  ond 
found  Co  be  occepcoble. 

■Cinemacic  Ome^o  CD 

(jJ  is  ossumed  Co  be  0  oC  Che  loujesc  level  ond  is 
found  btj  Che  equoCion  in  finice  difference  form 

“iii=  +  [(U|^ij|-Ui_iji)/2A>«  +  ('^ii+ii-^ij-ii)^Ax]Ap 

ond  is  inCe^roCed  upuuords  from  Che  louiesc  level. 

A  P  in  chis  cose  is  defined  os  Che  de|  Ch  of  che 
represencocive  lot|er  os  such 

- 20e  mb 

2SO  mb  4  A  P«1T5  mb  use  div  nC  2SO  mb 

- 3Y5  mb 

300  mb  3  Ap=225  mb  use  div  oC  500  mb 

- 600  mb 

700  mb  2  Ap^ITS  mb  use  div  oc  700  mb 

- YY5  nrtb 

050  mb  1  Ap>:225  mb  use  div  oc  050  mb 


lOOO  mb 


CD-  O 
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t'foisCHirs 

The  moistt<re  field  is  9K/en  os  specific  htwYtidieij  q 
uuhere 

q>  moss  of  moter  <^cipQf 
moss  of  drqi  oir 

niso  q=  r 

1-i^r 

uuhere  r=  mixinq  rocio 

r=_£ _ e 

p-e 

uuhere  e  *  scMurocion  oopcM*  pressure  in  Pnscols 
C  -  .622 

p  =  pressure  in  Pnscols 

e  «  eo  «xp  from  Clousius-CIciptiron 

uuhere  e^,  =  610.78  Pnscols 
To  »  273.78  K 

»  2.5E-C-06  Joulesy'Kq 
*  461  Joules^rK  Kq 

so 

q  =  C  e _  units  of  Kq/Kq 

p-ea-C> 

Moisture  colculotions  uuere  not  used  in  the  results 
of  this  stu€l«|,  houueoer..  runs  of  the  analysis  uuere  mode 
usinq  the  oirtuol  temperature  instead  of  the  ohserued 
temperature  to  check  the  effect  that  moisture  miqht 
houe  on  the  results.  No  siqnificant  ishanqes  uuere  noted. 


